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Abstract 
Cancer Survivors are defined as any individual who has been diagnosed 
with cancer and completed treatment, who may or may not be free of the disease 
(Speck et al., 2010). Cancer survivors can experience numerous, debilitating and 
long lasting side effects. These side effects can occur during and following 
cancer treatment and can affect individuals’ daily life.  An overview of the 
literature on the outcomes that can be experienced from physical activity/exercise 
for cancer survivors will be presented.  
This study evaluated an 8-week individualized combined aerobic and 
resistance training program on individuals post cancer treatment, through 
supervised bi-weekly exercise sessions. This study was constructed based on 
the review of the benefits of exercise for treatment of cancer and the side effects. 
The outcomes of the exercise intervention were evaluated through pre-, post and 
three-month follow-up assessments consisting of physical and psychological 
testing. Trends of improvements in muscular strength, endurance, reduction in 
fatigue levels and perceived Quality of Life (QOL) were identified. These 
outcomes further support current literature that, a comprehensive physical fitness 
program is important for this population in assisting them with reduction in their 
cancer related side effects. 
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Introduction  
Overview 
Being diagnosed with cancer can be a devastating experience. However 
since the awareness of cancer is high within our society, cancer survivors have 
an understanding of what to expect following this diagnosis. Both the nature of 
the disease, in addition to various cancer treatments can cause side effects, 
including changes to the individual’s physical, psychological, social, and 
emotional well-being (Beisecker et al., 1997; Portenoy et al., 1994). Along with 
the increasing number of individuals surviving cancer, due to advances in early 
diagnosis and treatment of the disease (Schneider et al., 2002) side effects that 
occur due to treatment can be long lasting and devastating even following 
treatment. There is a range of physical and psychological side effects that an 
individual can experience; however cancer related fatigue is the most reported 
and disruptive side effect experienced (Schwartz et al., 2001). Additional side 
effects include physical changes; decreased muscular endurance, muscular 
strength, cardiovascular endurance, and changes in body composition, as well 
as, psychological changes; reduction in self-esteem, difficulty sleeping and 
depression.  One or more physical side effects, can lead to overall general 
decrease in physical functioning. Also, if they do experience one or more 
psychological and physical side effects it can lead to a reduction in Quality of Life 
(QOL). QOL encompasses multiple areas of an individual’s life including physical, 
psychological, emotional and social states or well-being (Burnham & Wilcox, 
2002; Campbell et al., 2005). Due to the disease, its treatment and the side 
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effects, QOL may still be compromised months or years following treatment 
(Courneya et al., 2003c). There are treatment(s), support groups and guidance in 
place to assist individuals through their cancer experience. Additional therapy to 
consider is exercise. Exercise for the general healthy population has been known 
to have positive effects on improving physical functioning by: increasing muscular 
strength, muscular endurance, cardiovascular endurance and positively changing 
body composition. Benefits of improved self-esteem, reduction of fatigue levels, 
and improvements in depression levels have been associated with regular 
exercise (Courneya et al. 2003b; Pinto et al. 2003; Sprod et al. 2010) 
Research in the field of cancer and exercise rehabilitation has also 
demonstrated that there are benefits of exercise therapy for individuals at any 
stage of their cancer journey, at diagnosis, through treatment, and post treatment 
(Burnham & Wilcox, 2002; Courneya et al., 2007; Schwartz et al., 2001; Sprod et 
al., 2010). Research completed by Mcneely et al. (2006) and Speck et al. (2010) 
have found positive effects from exercise therapy for individuals post cancer 
treatment on improvements in QOL, aerobic fitness, upper and lower body 
strength, and decreases in fatigue. The above systematic review and meta-
analysis discussed research of varying exercise protocols including: aerobic only 
training, resistance only training and combined aerobic and resistance training. 
Positive relationships were identified between cancer related side-effect reduction 
and exercise therapy.  
Therefore if we apply a combined aerobic and resistance exercise therapy, 
to individuals that have been diagnosed with cancer, specifically post cancer 
treatment providing them with an individualized exercise program, it is expected 
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that similar positive physical and QOL outcomes will occur (Sprod et al., 2010). 
As minimal research has focused on the benefits of individualized, combined 
aerobic and resistance training for this population, this study focuses on the 
benefits that an individualized exercise program can provide on the physical and 
psychological (QOL) side effects that occur in cancer survivors (for this thesis 
cancer survivors are defined as any individual who has been diagnosed with 
cancer and completed treatment, who may or may not be free of the disease 
(Speck et al., 2010)). 
Statement of the Problem 
Individuals diagnosed with cancer can experience side effects from the 
disease and its treatments. These side effects can have long-lasting devastating 
effects on the individual’s physical functioning and QOL. Using a natural and 
holistic approach, such as exercise to reduce side effects can provide the 
individual with a sense of control over and potentially eliminate the need for 
additional medication or other therapy. Therefore the need to provide evidence-
based exercise programs for these individuals at any stage of the cancer journey 
is very important. Research to evaluate what occurs when an individual post 
cancer treatment completes a supervised exercise program is needed. As the 
number of individuals surviving cancer continues to grow, there are many 
individuals that may still experience side effects following treatment. This 
research will help to provide evidence-based knowledge of a supervised exercise 
program. 
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Purpose of the Study 
The purpose of this study was to determine whether an eight-week 
individualized aerobic and resistance exercise training program will improve the 
overall physical functioning and QOL of individuals following cancer treatment 
(surgery, chemotherapy, radiation or a combination). For the purpose of this 
thesis; physical functioning refers to: cardiovascular function, muscular strength, 
muscular endurance, and flexibility and QOL refers to: changes in their overall 
wellness including physical and psychological functioning. 
Research Questions 
1. Will an eight-week individualized aerobic and resistance exercise 
intervention, developed by a Certified Exercise Physiologist 
(CEP), improve an individual’s physical functioning post cancer 
treatment (surgery, chemotherapy, radiation or a combination)? 
2. Will an eight-week individualized aerobic and resistance exercise 
intervention, developed by a Certified Exercise Physiologist 
(CEP), improve overall quality of life in individuals who are post 
cancer treatment (surgery, chemotherapy, radiation or a 
combination)? 
Research Hypothesis 
It is hypothesized that an eight-week individualized aerobic and resistance 
exercise intervention in post-cancer treatment individuals will improve: 
1. Physical functioning: increased muscular strength, endurance and 
flexibility, and improve cardiovascular functioning. 
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2. QOL, which includes but is not limited to: fatigue, self-esteem, 
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Literature Review 
Introduction 
This review will provide an understanding of cancer through the statistics, 
biology and diagnosis, treatment and side effects that arise from it. It also 
provides a review of the health benefits that exercise poses in the general 
population, as well as, the benefits and/or potential drawbacks to exercise 
rehabilitation for the cancer population will be discussed. Gaps in the literature 
regarding cancer and exercise rehabilitation will be identified. 
Cancer 
Statistics 
The prevalence of cancer has become a concern for all Canadians, as it 
has exceeded cardiovascular disease as the leading cause of death (Canadian 
Cancer Society, 2013). The Canadian Cancer Society reported that out of five 
Canadians, two will be diagnosed with cancer in their lifetime (Canadian Cancer 
Society, 2013). In 2007 the total number of new incidences of all cancers in 
Ontario was 63,492 and the total number of deaths from all cancers was 25,369 
(Cancer Care Ontario, 2012). In Canada for 2012 the number of new incidences 
of all cancers was estimated at 186,400 and the estimated total number of deaths 
from all cancers was 75,700 (Canadian Cancer Society, 2012). The most 
common types of cancer in Ontario (in 2007) and Canada (in 2012) are prostate 
Cancer for males, breast cancer for females, followed by lung and colorectal 
cancers (Canadian Cancer Society 2012; Cancer Care Ontario, 2012). 
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Cancer Biology and Staging 
Cancer develops from a genetic mutation that can corrupt any part of the 
cell cycle or prevent the natural process of cell death; it is the continuous 
additional mutations and proliferation of these cells that form a tumour or 
cancerous mass (Pardee & Stein, 2009). Cancer diagnosis is defined by four 
general stages (i.e. 0 to IV). Stage 0 refers to carcinoma in situ (early stage of 
cancer which does not have cells capable to invade the surrounding area) and 
stage IV refers to the most aggressive stage where cancer metastases to another 
location of the body (Almeida & Barry, 2010). Metastasis is a process whereby 
mutations have occurred in cancer cells which enable them to spread to other 
locations of the body (Pardee & Stein, 2009).  
Cancer Treatment  
With the diagnosis and staging of cancer, an optimal treatment protocol 
can be developed. Currently the main types of treatment for cancer are surgery, 
drug therapy (chemotherapy), radiation, integrative medicine, and palliative care 
(Pardee & Stein, 2009). The type of treatment(s) prescribed will depend on a 
number of elements including; location where cancer originated, type of cancer, 
stage of cancer, and other biological factors (Pardee & Stein, 2009). As briefly 
mentioned, cancer develops due to genetic mutations that effect the cellular 
pathways, therefore most treatments attempt to target or stop the defect in these 
pathways. New treatments being developed are attempting to pinpoint or 
individualize treatment. Unfortunately with treatments there can and will be side 
effects that can have a large impact on the physical and psychological well being 
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of an individual during treatment. These side effects can persist post treatment as 
a result of the consequences that occur on physical functioning and QOL during 
treatment (Avis et al., 2005; Burnham & Wilcox, 2002). 
The following is a brief overview of the various treatments used to combat 
cancer. 
Surgery 
Surgery is used to remove the cancerous mass entirely, to debulk the 
mass, or as a diagnostic tool (i.e. biopsies). Surgery can be used as a precursor 
to chemotherapy or radiation to help reduce the size of the mass to give the other 
forms of treatment a chance to reduce the mass further. Surgery can also be 
used following chemotherapy or radiation after the initial treatments have reduced 
the size of the tumour (LeMura & von Duvillard, 2004). Following surgery 
symptoms that can occur include pain around the incision site, and/or potential 
loss of mobility at the affected site, both of which can affect the range of motion 
and use of the affected area (Lauridsen et al, 2008; Tasmuthl, 1996). 
Chemotherapy 
 Chemotherapy is a type of systemic drug treatment. Chemotherapy is 
used to destroy the cancerous cell by preventing deoxyribonucleic acid (DNA) 
from replicating, stopping cancer cells from proliferating. However the drug works 
on all rapidly dividing cells, therefore non-cancerous normal cells can be affected, 
such as epithelial cells (Pardee & Stein, 2009). Side effects of the rapidly dividing 
epithelial cells can include hair loss (Beisecker et al., 1997). The dose of 
chemotherapy can be a single or combination of chemotherapeutic agents, which 
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may provide better treatment for the disease and/or prevent drug resistance. This 
type of treatment has a number of ways to be administered; the most prevalent 
are intravenously or orally. Chemotherapy is scheduled in cycles that occur 
between two and four weeks apart, and the length of the treatment can last up to 
six months (LeMura & von Duvillard, 2004; Pardee & Stein, 2009). Chemotherapy 
can cause side effects such as; weakness, nausea, lowering blood counts. These 
side effects can occur weeks to years following this treatment (Pardee & Stein, 
2009).  
Radiation 
Radiation is considered a localized treatment. The most common type of 
treatment administration is by an external beam of radiation generated from a 
machine, however there are other ways to administer this treatment, such as 
brachytherapy and ingestion or injection of radioisotopes (Pardee & Stein, 2009). 
Radiation works to damage the cancer cells’ DNA, thus preventing the cancer 
cells from proliferating by causing cell death. Radiation will also affect the 
surrounding normal cells, however they are able to heal at a faster rate than the 
cancerous cells (Pardee & Stein, 2009). There is the traditional treatment dose in 
which patients receive daily treatments for between five to seven or eight weeks 
(LeMura & von Duvillard, 2004; Pardee & Stein, 2009); however as advances 
continue to occur with all types of treatment for cancer, the radiation treatment 
dose could change in the future. Side effects that can occur due to radiation 
treatment will appear in the surrounding non-cancerous tissue and organs that 
have received radiation during the treatment (Bentzen, 2006). This can have 
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early or late effects on an individual, including nausea, skin redness, changes in 
the affected tissues such as reducing structure and flexibility, and atrophy of the 
surrounding tissues (Bentzen, 2006). These side effects could lead to decreases 
in range of motion and reduction of use to the affected area. 
Side effects from cancer and its treatment 
With the brief overview of the main types of cancer treatment, it is 
important to review their potential side effects. One of the predominant side 
effects of cancer treatment is fatigue; this has been shown to be the case in 
different cancer types, with chemotherapy treatment specifically causing the side 
effect of fatigue (Dikken & Sitzia, 1998; Feyer et al.,  2008; Portenoy et al., 1994; 
Spichiger et al., 2011; Yamagishi et al., 2009). Cancer-related fatigue (CRF) can 
have detrimental consequences on an individual’s ability to function and their 
overall QOL, as it is not relieved by rest or sleep and can be inconsistent with 
activity levels (Ryan et al., 2007; Wagner & Cella, 2004). The mechanisms of 
cancer related fatigue have yet to be fully elucidated and continued research is 
still evaluating the causes. A study completed by Okuyama et al (2000), 
suggested that fatigue is related to distress experienced due to physical and 
psychological aspects instead of the treatment received. However, a review 
completed by Wagner & Cella (2004) looked at the multidimensional causes of 
fatigue, which included: disease, treatment, psychosocial factors, comorbid 
symptoms, and comorbid medical conditions. Further Ryan et al. (2007) suggests 
that CRF may occur due to disruption within a multitude of systems, including the  
physiological, biomedical and psychological systems. These system disruptions 
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may occur as a result of the disease, but also could occur due to the treatment, 
such as the side effects of chemotherapy of all rapidly dividing cells. As the 
mechanisms of CRF are still being evaluated, for this literature review, fatigue 
can develop due to a myriad of factors from diagnosis and treatment of cancer.  
A study completed by Beisecker et al (1997) administered two interviews 
with breast cancer patients who had received adjuvant chemotherapy 
(chemotherapy that occurs after other treatments for cancer) (Pardee & Stein, 
2009). The first interview was one-month post chemotherapy and the second 
interview was completed six months later. Some of the side effects reported 
were: hair loss, fatigue, nausea, weight gain, and emotional problems. There 
were some differences in reported side effects at one-month post chemotherapy 
versus six months following first treatment.  Patients had expected to experience 
some of the initial side effects reported, however did not expect them six months 
post-chemotherapy treatment (Beisecker et al., 1997). Another interesting finding 
was that one third of the women experienced fatigue and/or a decrease in energy 
six months after treatment was completed (Beisecker et al., 1997). Cancer 
related fatigue is a debilitating side effect of various treatments that can have 
severe effects on an individual (Schwartz et al., 2001).  
A long-term study completed by Spichiger et al (2011), with a mixed 
cancer type (lymphoma, breast, lung or colorectal cancers) also showed fatigue 
or lack of energy as a prevalent side effect. Other side effects included but were 
not limited to: worrying, feeling drowsy, feeling sad, difficulty sleeping, nausea, 
and difficulty concentrating. This study assessed participants during the initial 
cycle of chemotherapy, and one week prior to both the third and fourth cycle of 
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chemotherapy. The scores showed patients most prominently experienced 
fatigue during the third and fourth cycle of chemotherapy (Spichiger et al., 2011). 
Another study of mixed cancer sites (breast, colon, prostate or ovary cancer), 
completed by Portenoy et al (1994) looking at both inpatient and outpatient 
populations, observed that overall QOL was negative associated with the number 
of symptoms reported; overall QOL included decrease in performance and 
psychological distress (Portenoy et al., 1994). Similar findings have been shown 
in other studies, where more symptoms are related to depression or severity of 
fatigue, which Portenoy et al (1994) describes as the most prevalent symptom 
(Feyer et al., 2008; Spichiger et al., 2011). Another devastating symptom of 
treatment can be weight loss, as seen in colorectal cancer or weight gain as seen 
in breast cancer (Beisecker et al., 1997; Dikken & Sitzia, 1998; Feyer et al., 
2008), which cannot only affect their physical functioning, but can also cause 
issues with self-esteem and self-confidence which can cause psychological 
issues. There are trends seen from the research of impairments in physical and 
psychological well-being. After briefly reviewing the side effects noted above, if 
one or more of these side effects occurred within a participant, then one could 
attribute this combination of side effects to the decrease in the level of QOL.  
Lymphedema can be a side effect of cancer, such as breast cancer; it will 
be a life-long side effect. Lymphedema occurs due to damage to the lymphatic 
system from treatment, such as axillary dissection or radiation (Bicego et al., 
2006). This damage to the lymphatic system can cause the affected side’s limb 
(i.e. arm for an individual diagnosed with breast cancer) to become enlarged due 
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to the accumulation of lymphatic fluids, causing the limb to be heavy, tight and 
may cause pain (Bicego et al., 2006). 
 There are clinical interventions available to help combat some of the side 
effects associated with cancer treatment. However, some of the side effects 
could also be due to the cancer itself. There is a substantial number of people, 22 
million, worldwide who are cancer survivors that could be dealing with any 
number of side effects from their treatment or disease (Feyer et al., 2008). It is 
important to have interventions in place to assist the cancer survivors in treating 
their side effects, which would also assist them in returning to their normal 
activities. As noted in Beisecker et al (1997) having organized support groups for 
patients whom have finished treatment, including being physically active, may be 
helpful for the individual to cope with side effects such as weight gain. This would 
assist with both the physical and psychological side effects.  Through the 
remainder of this literature review, the benefits of exercise to reduce side effects 
and improve health will be discussed. Exercise can be used as an additional 
intervention to current treatments/activities in place.  
Exercise 
 Improvements in cardiovascular function and strength can greatly 
increase an individual’s QOL, thereby allowing them to be able to complete their 
normal activities more easily. Aerobic exercise improves cardiovascular 
functioning, whereas resistance training increases muscular strength (Boreham, 
Wallace, & Nevill, 2000; Kraemer & Ratamess, 2004).  
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Cardiovascular Exercise 
 
 Cardiovascular exercise promotes improvements in cardio-respiratory 
health (Boreham et al., 2000). Through cardiovascular endurance training 
changes can occur throughout different systems, such as cardiovascular, 
respiratory, and metabolic (Jones & Carter, 2000). These changes can promote 
improvements in blood lactate concentrations, cholesterol levels, 
cardiorespiratory health, and fitness levels in individuals that have previously 
been sedentary (Boreham et al., 2000). 
Resistance Exercise 
 Resistance training is used to build muscular strength, endurance, 
coordination, performance and balance. It is traditionally used for elite athletes 
and body builders as a tool for improvement. However, now for most populations, 
resistance training has been recommended by national health organizations 
(Kraemer & Ratamess, 2004). To ensure the most appropriate resistance-training 
program is developed for an individual, their personal goals must be considered 
regardless of age or fitness level. 
Psychological Benefits of exercise 
 Cardiovascular and resistance training provides benefits for the physical 
body as indicated above, however being physically active and exercising can also 
provide psychological benefits.  Through social support that may occur in group 
exercise formats and improvements in an individual’s self-esteem from continued 
exercise, improvements in depression, stress, self-identity, and anxiety have 
been seen (DiLorenzo et al., 1999; King et al., 1993; McCann & Holmes, 1984). 
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However to maintain these benefits, such as with physical benefits, continued 
involvement in the physical activity is required (King et al., 1993). An interesting 
finding by Myers & Roth (1997) when evaluating the benefits and barriers to 
physical activity suggests individuals that are more active identify more health 
benefits than barriers, which is the opposite for individuals who are not active. 
Further promoting the fact that exercising provides benefits, physical and 
psychological. 
Exercise and other clinical populations 
Aerobic and resistance training described above are very general 
concepts that are associated with a healthy population that can be transferrable 
to unhealthy or diseased populations. A study by Atlantis et al., (2004) on 
improving mental health and QOL through exercise and behavioural 
modifications, showed improvements in mental and physical health components 
of health-related QOL measures. This study used a combination of aerobic and 
resistance exercise over a 24 week period on employees of a casino. Inclusion 
criteria ensured participants did not have a clinically medical diagnosed 
psychiatric condition, or if they were on workers compensation (Atlantis et al., 
2004). Although this study was a mixed treatment study, it still provides evidence 
that exercise can be a part of a program to improve mental health as well as 
physical health. When looking at sleep loss, a study on chronic primary insomnia, 
evaluating individuals diagnosed with insomnia, dealing with insomnia for more 
than six months and between 30 to 55 years of age, found that through exercise 
training there were improvements in sleep and QOL following a six-month aerobic 
	   16	  
exercise intervention (Passos et al., 2011). Comparison of Passos’ study with 
cancer patients, as a disruption in sleep can be a side effect reported (Feyer et 
al., 2008), could show the benefits in providing an exercise program to help 
combat this specific side effect, possibly limiting the amount of drugs used to 
improve sleeping habits. The above provides an insight as to how general 
aerobic and resistance exercise program can be transferred to a non-healthy or 
diseased population, such as a cancer population.  
Cancer and Exercise  
The side effects that occur due to cancer can drastically affect an 
individual. Many studies have shown there is a benefit to exercising during and 
after treatment for cancer. These benefits include but are not limited to; physical 
functioning, QOL, and reduction in fatigue (Courneya et al., 2007, 2003c; Ohira et 
al., 2006; Schwartz et al., 2001), which have been shown in both supervised 
exercise programs and home-based exercise programs. Through the literature 
reviewed, there was a mix of exercise protocols prescribed. The majority of 
studies reviewed prescribed only aerobic exercise, there were a few that looked 
at only resistance or weight-training exercises, and few that combined both 
exercise types. This trend of aerobic only training research reviewed is similar to 
findings from meta-analysis and systematic reviews where aerobic only training 
and combined aerobic and resistance training together are the majority of 
protocols prescribed, followed by resistance training and then non specified 
training protocols (Bicego et al., 2009; Speck et al, 2010). As can be seen within 
the research there are multiple exercise programs prescribed, which suggests 
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that an optimal exercise prescription for this population needs has yet to be 
determined (McNeely et al., 2006; Schmitz et al., 2005).  
Bicego et al. (2009) found through a systematic review benefits of weight 
loss, decreased fatigue, improvements in QOL and mood were seen in nine 
studies, which were predominantly aerobic and combined aerobic and resistance 
exercise programs.  De Backer et al. (2009) completed a systematic review on 
resistance training and found out of the 24 studies reviewed, 20 consisted of 
combined aerobic and resistance training program. Through these studies 
reviewed, benefits were seen in muscular and cardiopulmonary function, however 
as the majority of the studies consisted of a combined training program the 
amount of positive change due to the resistance training aspect of the program 
cannot be evaluated.  
Aerobic Exercise 
A three-week study that compared supervised aerobic exercise to a 
relaxation training group in individuals diagnosed with a solid tumour found that 
physical aerobic performance, evaluated based on an ergometer stress test, 
increased in the aerobic group. There was no difference between groups in the 
reduction of fatigue (Dimeo et al, 2004). This was the shortest study in duration 
reviewed (i.e. three weeks) and no control group was tested. This study provides 
an interesting perspective; there are multiple aspects to cancer-related fatigue 
therefore therapeutic treatments may need to be diverse (Dimeo et al, 2004). 
This could mean that exercise alone will not provide the best intervention to 
reduce fatigue. Schwartz et al (2001) study was the only one assessing the 
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benefits of exercise on fatigue on a daily basis; they showed that exercise has 
benefits in reducing fatigue on the day when exercise is completed and the 
following day. This was a home-based intervention for breast cancer patients 
lasting eight weeks (Schwartz, 2001).  Courneya et al (2003c) studied the 
benefits of aerobic training on post menopausal females with early stage breast 
cancer that were post treatment for QOL and cardiovascular functioning. The 
authors found that the exercise training group compared to the control group saw 
benefits from the aerobic training of three sessions per week for 15 weeks on a 
cycle ergometer. Positive effects on QOL and cardiopulmonary function were 
also identified (Courneya et al, 2003). 
Resistance Exercise 
Resistance exercise has also shown to provide benefits. A study by 
Courneya et al (2007) comparing resistance training, aerobic training and usual 
care, showed an increase in muscular strength, lean body mass, as well as self-
esteem for the resistance training group (Courneya et al., 2007). This study on 
breast cancer patients demonstrated trends of improvements in levels of anxiety, 
fatigue, depression and QOL (cancer-specific), however did not see significant 
improvements. However trends were seen in the exercise groups, aerobic and 
resistance training, for the above outcomes. One interesting finding that came 
from this study was that chemotherapy completion rates increased in the 
resistance training group (Courneya et al., 2007). As noted in the study, further 
testing is needed to ensure the validity and reliability of this finding. However, this 
could have major implications in assisting with treatment completion. Weight 
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training has also been shown to have a positive effect on QOL in a six-month 
weight training only intervention on breast cancer patients (Ohira et al., 2006). 
These positive effects on QOL were correlated with the increases seen in upper 
body strength and gains of lean muscle mass (Ohira et al., 2006). Weight or 
resistance training can also be effective in other cancer populations. In prostate 
cancer it has been shown to improve fatigue levels (Segal et al., 2003). In fact a 
12-week supervised program for men with prostate cancer who received 
androgen deprivation therapy, showed improved fatigue levels, along with 
improved health-related QOL (Segal et al., 2003).  
Combined Training 
Combined aerobic and resistance training have been shown to provide 
benefits post cancer treatment. A randomized controlled trial studied the effect of 
combined aerobic and resistance exercise in breast cancer survivors, post 
treatments, over a 24 week time period. They compared two time points; 
immediate exercise group (IEG) and delayed exercise group (DEG).The IEG 
completed a supervised aerobic and resistance training exercise intervention 
within the first 12 weeks and the DEG was asked not to complete physical activity 
during that time. In the final 12 weeks the DEG completed the exercise 
intervention and the IEG was not provided with any instructions (Milne et al., 
2008).  Participants attended 3 sessions per week during their active intervention. 
Results of this study found that a combined aerobic and resistance training 
program implemented early after treatment completion can have positive effects 
on QOL, aerobic fitness, muscular strength and fatigue, however the starting 
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fitness level of the participants was not noted and therefore the degree of positive 
effect is unknown (Milne et al., 2008). The findings from this study promote the 
initiation of exercise rehabilitation soon after the completion of chemotherapy and 
can possibly be extrapolated to completion of all treatments. These findings not 
only suggest that starting an exercise intervention soon after completion of 
treatment is of benefit, but also that the combined aerobic and resistance 
program promotes the positive outcomes noted. These improvements were seen 
after 6 weeks of training and further improvements at 12-weeks (Milne et al., 
2008), indicating an eight week intervention period can produce improvement 
within this population.  De Backer et al (2007) reached the same conclusion as 
Milne et al (2008), and noted that within the first eight to 12 weeks of training was 
where the largest increase in muscular strength was observed. A pilot study 
completed by Kolden et al (2002) on Group Exercise Training (GET), studied a 
16-week intervention with both aerobic and resistance training for individuals with 
breast cancer who were in treatment. Although this was a pilot study and further 
research on this specific methodology is needed; the authors found that 
participants increased their physical functioning through the intervention by 
increasing their aerobic capacity, strength and flexibility. Additional findings for 
this study included improvements in QOL, through improved well-being and 
reduction in mood/distress (Kolden et al., 2002).   
Individualized Training 
From all of the above studies regardless of exercise type, there have been 
positive benefits for the participants with the types of cancer researched. 
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However, the studies used set training programs, such as all participants 
completing the same activities, time component, and intensity level, for the 
exercise intervention compared to individualized exercise prescription, of both 
aerobic and resistance training. Combined training was used in a study by Sprod 
et al (2010) comparing three months to six months of individualized aerobic and 
resistance training in breast cancer survivors. Improvements were noted at both 
three and six months, with improved cardiovascular endurance, fatigue and 
symptoms of depression occurring for participants completing the three months of 
exercise earlier, and additional improvements in pulmonary function, and 
muscular endurance by participants following six months of exercise (Sprod et 
al., 2010). Individualized exercise prescription was completed to ensure the 
specific needs of the participants were met, however the range of aerobic 
intensity was from 30% - 55% HRR, developed from the initial assessment 
(Sprod et al., 2010), this intensity level is slightly below the American College of 
Sports Medicine (ASCM) guidelines for the cancer population (American College 
of Sports Medicine, 2010). When compared to other research in the cancer field, 
it is inline with moderate intensity (Burnham & Wilcox, 2002) and significantly 
lower then studies by Courneya et al (2007) and Dimeo et al (2004).  This study 
served to demonstrate the importance of individualizing the exercise prescription 
for individuals who are post cancer treatment. This could allow for greater benefit 
obtained by the participant of the exercise program, as the exercise prescription 
will be focused on their specific goals/needs. 
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Intensity Level 
As previously discussed, there is no general consensus regarding the 
optimal exercise prescription for the cancer population. The American College of 
Sports Medicine (ACSM) has set guidelines for exercise prescription for this 
population. Research evaluates the range of intensity (low, moderate and high) 
around the set guidelines to find the optimal protocol. A study completed by 
Burnham & Wilcox (2002) compared low intensity aerobic exercise, moderate 
intensity aerobic exercise and usual care on individuals post treatment for lung, 
breast, or colon cancer. They found that both low- and moderate- intensity groups 
showed improvements of QOL and aerobic capacity and body composition over 
the control group (Burnham & Wilcox, 2002). However they noted that there was 
no statistical difference between the exercise groups (low- and moderate-
intensity) on any of the variables tested; physiological and psychological. There 
have been few studies reviewed on high-intensity exercise with individuals post 
cancer treatment. An 18-week high-intensity resistance training program with 
aerobic interval training found improvements in muscular strength, health related 
QOL, and maximum oxygen consumption (De Backer et al., 2007). The intensity 
level for resistance exercise started with a focus on strength during the initial 12 
weeks, at an intensity level of 65% - 80% of their one repetition maximum, 
completing two sets of ten repetitions. During the final six weeks of the 
intervention the focus changed to muscular endurance with an intensity of 35% - 
40% of their one repetition maximum and increasing the number of repetitions to 
twenty. As noted previously, this study also found no significant correlation of 
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time span from completion of treatment to the starting of exercise training. The 
authors of this study completed a long term follow-up study and established that 
the benefits experienced at the end of the intervention on QOL and fatigue 
extended to a year. This indicates that improvements obtained during high-
intensity exercise in the post treatment cancer population may provide long term 
benefits (De Backer et al., 2008). Additional research is required to gain a better 
understanding of high-intensity training which may benefit the development of 
effective, safe, and correct exercise prescription (De Backer et al., 2007). 
Although additional research is needed to confirm the appropriate intensity level, 
research above suggests that there are benefits for exercise at multiple 
intensities for this clinical population. 
Program Length 
In the literature reviewed, the range in intervention length was three weeks 
to six months, with the most frequent length of 10 - 15 weeks and there was also 
a predominance of supervised exercise interventions. The majority of the studies 
identified a positive trend or statistical significance with exercise and treatment 
related side effects. It is important to note that the majority of these studies have 
been completed on breast cancer patients and covered both active treatment and 
post-treatment populations (Courneya et al., 2007; Milne et al., 2008; Ohira et al., 
2006; Pinto et al., 2003, 2005). 
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Statistics 
Most studies showed improvements in side effects associated with 
treatment, however there were a few studies that did not show statistical 
significance. A 16-week home-based aerobic exercise program for colorectal 
cancer patients found no changes in QOL, fitness or between group differences 
(Courneya et al., 2003a). Although this study was unable to find benefits for an 
exercise program for this population, they indicate that further research is needed 
as issues with adherence and exercise reporting may have swayed the results of 
the study. 
Social Support and Behaviour  
Using physical exercise as a means of alleviating some of the side effects 
experienced by an individual that has been diagnosed with cancer is a great 
nonpharmacological therapy (Barber, 2012). Along with the benefits experienced 
from the physical activity, the group aspect of exercise training may also provide 
social support within the exercise therapy. This aspect of peer social support may 
have additional improvements in their QOL and psychosocial needs compared to 
individual exercise only. In a group exercise training atmosphere individuals will 
be physically active with other individuals that have been diagnosed with cancer. 
Having this social support with individuals dealing with similar issues during 
exercise therapy can be beneficial in improving QOL (Floyd & Moyer, 2009), it 
can also help in working towards goals, which is beneficial during an exercise 
program (Barber, 2012). Individuals may be more likely to participate in physical 
activity if there is social support available and also if they feel they will enjoy the 
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activity (McGowan et al., 2013; Rodes & Courneya, 2003; Speed-Andrews et al., 
2012).  
Adverse Events 
The only adverse events found in the review, occurred in a supervised 15-
week aerobic exercise intervention for breast cancer survivors (Courneya et al., 
2003c). Events occurred in both the intervention and control group, such as 
lymphedema, influenza and gynaecologic complications. However the most 
interesting event was the number of intervention participants that developed 
lymphedema, three in total. There was a strong risk factor in two of the three 
participants for lymphedema due to their treatment (Courneya et al., 2003c). This 
is the only article reviewed that showed lymphedema developing in exercise, and 
suggests that lymphedema should be monitored during any exercise trials in the 
future (Courneya et al., 2003c). However, it has been found that progressive 
resistance training or increased physical activity with the affected arm does not 
increase the chance of developing lymphedema (Sagen et al., 2009; Schmitz et 
al., 2010).  One thought is that exercise provides stimulation to the skeletal 
muscular system, which in turn promotes lymphatic and venous fluid pump 
(Bicego et al., 2006). One recommendation that has been provided in the 
literature as a precautionary measure to individuals diagnosed with lymphedema 
or determined at risk from physicians, is to wear a prescribed compressive sleeve 
during exercise (Bicego et al., 2006). 
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Pilot Study Research 
There were also a few pilot studies reviewed, aerobic only and combined 
training protocol, that showed positive trends towards reduction of fatigue, 
improvements of body image, and increase in physical functioning, to name a few 
(Campbell et al., 2005; Oldervoll et al.,2003; Pinto et al., 2005). However within 
some of these studies there were limitations, such as; small sample size, length 
of study, control group, and limited generalizability, that suggest that further 
research is required in order to validate the results (Oldervoll et al., 2003; Pinto et 
al., 2003, 2005).  
Overall, there are studies that highlight benefits of exercise rehabilitation 
for cancer survivors. However, there is no definitive answer that exercise 
improves QOL or decreases levels of fatigue in cancer patients which, could be 
due to the individual nature of these symptoms. Nevertheless, positive 
relationships can be seen between exercise therapy and reduction of fatigue, 
improved body image or self-esteem, improvements in body composition, 
strength and functional capacity, as well as trends of improved QOL for these 
individuals (Burnham & Wilcox, 2002; Campbell et al., 2005; Courneya et al., 
2007, 2003c; Dimeo et al., 2004; Ohira et al., 2006; Oldervoll et al., 2003; Pinto et 
al., 2003, 2005; Schwartz et al., 2001; Segal et al., 2003) 
Gaps in the literature and future research 
Continued research in the field of exercise therapy or rehabilitation is 
needed to provide evidence-based knowledge on exercise therapy for this 
population. Although there is a vast amount of research showing the positive 
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effects that exercise possesses, there is still more information that can be 
obtained to ensure the most appropriate, safe and effective individualized 
exercise protocols are developed for cancer survivors. This will relate to the 
dose-response relationship of exercise prescribed to reduce side effects, such as 
fatigue (Schwartz et al., 2001). One important area of research surrounds 
lymphedema; it is very important to study the effects that exercise poses on 
lymphedema to ensure minimized risk of development of lymphedema. 
This literature review contained both supervised and home-based exercise 
interventions; additional research is needed to evaluate supervised and home-
based programs to decide which intervention produces the most benefits and/or 
to develop the best protocols for both types of intervention. Developing the best 
protocols to ensure exercise adherence, safety, and benefits to the individual 
would allow individuals who do not want to participate in a supervised program 
(group or individual) to complete the therapy at home. As noted earlier there is an 
estimated 22 million long-term cancer survivors worldwide (Feyer et al., 2008), as 
of January 2009 there were 838,724 cancer survivors (diagnosed within the past 
decade) living in Canada (Canadian Cancer Society, 2013); it is important that 
this type of therapy be made available to everyone, therefore multiple types of 
exercise regimens may have to be developed. Since there are such a vast 
number of cancer survivors as well as newly diagnosed individuals every day 
(Canadian Cancer Society, 2013) it is important to study all cancer populations to 
evaluate if this therapy is effective across all cancer types and individual stage of 
their journey. Currently breast cancer is the most studied population. Branching 
out and studying the effects of exercise on various cancer diagnoses will allow for 
	   28	  
an understanding of what occurs with exercise for different cancer types. This will 
allow a better understanding of how to individualize exercise protocols for the 
different cancer types.  
There are current studies that assess aerobic exercise or resistance 
exercise on individuals with cancer (Dimeo et al., 2004; Ohira et al., 2006; 
Schwartz et al., 2001; Segal et al., 2003), however very few reviewed the effects 
of combined aerobic and resistance therapy on individuals with cancer. Further 
research is needed to assess the potential benefits of a combined aerobic and 
resistance exercise therapy program, versus aerobic or resistance exercise 
alone. This again will allow for the most optimal exercise protocol to emerge. The 
benefits of only aerobic exercise and only resistance exercise have been shown 
with great effect (Dimeo et al., 2004; Ohira et al., 2006; Schwartz et al., 2001; 
Segal et al., 2003), thus a combined approach, may result in health benefits for 


















Effects of combined aerobic and resistance exercise on 
quality of life and fitness of individuals who are post 
cancer treatment 
 
O’Neill, M.E.1, Lemonde, M.1, Jones-Taggart, H.1, Burgomaster, K.3, Power, 
K.E.2 
1 University of Ontario Institute of Technology, 2000 Simcoe St. N, Oshawa, ON, L1H 7K4 
2 Memorial University of Newfoundland, St. John’s, NL, A1C 5S7 
























	   30	  
Abstract 
Introduction  
The number of cancer survivors is growing. Many treatments used to treat cancer 
have long-lasting, negative side effects. Exercise can be an intervention 
implemented following treatment to reduce side effects. 
Purpose  
This study evaluated the effects of an eight-week individualized aerobic and 
resistance exercise program on physical functioning and quality of life (QOL) in 
individuals post-treatment from breast, colon or adenoid cystic cancer. 
Method  
Participants were recruited through a local non-profit cancer support centre. Eight 
participants (eight women, mean age 58 years old) met the inclusion criteria and 
were approved to participate by physicians through a Physical Activity Readiness 
medical questionnaire (PARmed-X). All participants completed four assessments 
surrounding an eight-week exercise program. Pre-, post- and three month follow-
up assessments consisted of an interview, related QOL questionnaires, and 
physical measures of body composition, cardiovascular and musculoskeletal 
health, using protocols outlined by the Canadian Society for Exercise Physiology. 
An additional questionnaire-only assessment was administered at the four-week 
point (mid-way) of the exercise program. The individualized exercises prescribed 
were based on results from the pre-assessment. Participants attended exercise 
training sessions bi-weekly for eight weeks. Training sessions included a warm-
up, prescribed cardiovascular and resistance training and stretching.  
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Results  
Results indicated trends of improved muscular strength, decreased levels of 
fatigue and improvements in perceived QOL. 
Conclusion  
A combined resistance and aerobic training program may be beneficial in 
mitigating the long-lasting, negative side-effects of cancer treatments. Future 
research should focus on the benefits of individualized exercise programs, for all 
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Introduction  
Overview 
With the estimated 187,600 new cases of cancer within Canada in 2012, 
estimated 71,900 diagnosed in Ontario (Canadian Cancer Society, 2013), and 
with over 22 million long-term cancer survivors in the world (Feyer et al., 2008), 
there is a need to provide this population with assistance in alleviating side 
effects experienced. During and following cancer treatment individuals often 
experience negative side effects such as fatigue/decreased energy levels, weight 
loss/gain, and nausea, due to the treatment and disease. This could lead to a 
decrease in physical functioning and QOL. Not only do individuals with cancer 
deal with a significant life changing disease, but they must also endure the side 
effects of cancer treatment. Traditionally, these individuals receive support and 
guidance to assist with side effects such as medication and support groups 
(Beisecker et al., 1997). Comprehensive physical fitness programs can be a 
natural holistic therapy that can assist with reducing side effects of cancer and its 
treatment.  
Exercise for the general population improves health and increase fitness. 
Exercise is also used in clinical populations such as assisting with sleep and 
mental health, such as depression, to improve overall health, and help reduce the 
associated symptoms (Atlantis et al., 2004; McCann & Holmes, 1984; Passos et 
al., 2011).  
Currently research shows there are benefits of prescribing cardiovascular 
and resistance exercises to cancer survivors. A meta-analysis on randomized 
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controlled trials on exercise for cancer survivors found positive benefits on QOL 
and physical functioning, such as reduction in body weight, fatigue and 
depression and increases in grip strength (Fong et al., 2011). This was found 
through a variety of exercise protocols, predominately aerobic only, then 
resistance only and combined training, and one study using individualized 
exercise prescription. As see from the meta-analysis using a nonpharmacological 
therapy such as physical activity to improve some of the side effects from cancer 
and its treatment that has been demonstrated in the literature (Barber, 2012). 
What is important now is to determine the most appropriate exercise protocol to 
be implemented for this population. Improvements in fatigue levels, physical 
functioning and QOL have been seen in females post breast cancer treatment, 
following a 12-week, three sessions per week supervised combined aerobic and 
resistance training program, consisting of 12 resistance exercise and 20 minutes 
of aerobic exercise per session (Milne et al., 2008). Similarly a 15-week, three 
session per week supervised aerobic only training program where initial exercise 
intensity ranged from 70% to 75% of maximal oxygen consumption, improved 
QOL among post-menopausal breast cancer survivors (Courneya et al., 2003c). 
Resistance only 12-week three session per week supervised training program 
consisting of nine exercises, for men diagnosed with prostate cancer showed 
improvements in fatigue symptoms, as well as health related QOL (Segal et al., 
2003). Current research indicates that there are numerous benefits to exercise 
therapy in cancer survivors. Although further research throughout this entire field 
is necessary to provide a greater understanding of the benefits of combined 
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aerobic and resistance training and how personalized exercise prescription plays 
a role in benefits experienced.  
The purpose of this study was to evaluate the benefits/drawbacks of an 
eight-week individualized aerobic and resistance exercise training program for 
post cancer treatment individuals. This study assessed whether a combined 
aerobic and resistance exercise training program elicits improvements in overall 
physical functioning and the QOL of individuals following cancer treatment 
(surgery, chemotherapy, radiation or a combination). 
It was hypothesized that a combined personalized exercise-training 
program for individual’s post-cancer treatment will improve their QOL and will 
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Methods  
Recruitment/Subjects 
Participants were recruited through a local non-profit organization that 
provides services for cancer survivors and their families.  The initial week of 
recruitment consisted of pamphlets (see Appendix A) displayed at the non-profit 
organization. Informal information sessions were conducted during the second 
and third week of recruitment. During the informal information sessions, all 
questions from interested individuals were answered. Ethical approval was 
obtained from the Research Ethics Board form the University of Ontario Institute 
of Technology (UOIT) prior to start of recruitment. Approval letter can be found in 
Appendix J. 
Fig. # 1 - Participant recruitment process 
Figure 1 provides a description of the recruitment process participants completed in order to meet 
all of the inclusion criteria to be eligible to participate in the study. A full flow chart of the 
movement of the participants through the study is found in Appendix B. 
 
During the initial call, 10 individuals answered questions to ascertain their 
eligibility to participate in the study. Eligibility to participate in the study included 
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solid tumour up to stage III, and physician’s approval; participants were excluded 
from the study if they had a stage III diagnosis or metastasis. If participants met 
the eligibility criteria, they were briefed on their role in the study; if they still 
agreed to participate in the study they were provided with a participant 
identification number to ensure confidentiality.  Participants were then informed 
that an information package would be left for them at the local non-profit 
organization. The information package contained a letter explaining the contents 
of the package, study intake form, Physical Activity Readiness – Questionnaire 
(PAR-Q), letter to a Physician explaining reasons to complete Physical Activity 
Readiness – Medical Examination (PARmex-X), pamphlet for physician, Parmed-
X, and directions to the University of Ontario Institute of Technology (UOIT) with 
a map of the campus (as the assessments and exercise sessions occurred on 
campus).  There was also contact information included for the Principal 
Investigator (PI)/Certified Exercise Physiologist CSEP® (CEP) (exercise leader) if 
the participant had any questions or concerns prior to the pre-assessment or if 
they needed further directions to the campus.  Participants were then required to 
pick up their information package and visit with a physician for completion of the 
PAR-med-X prior to the pre-assessment. 
Demographics 
 Participants (N=8) ranged in age from 49 – 75 years old. All participants 
were female, six participants were diagnosed with breast cancer, one was 
diagnosed with colon cancer, and one participant with adenoid cystic carcinoma. 
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All participants met the inclusion criteria. See baseline demographics for 








  Mean ± SD Mean ± SD Mean ± SD 
Age, years 58 ± 7.6 58 ± 7.6  59 ± 7.5  
Working/ Volunteering 50% 50% 75%  
Medical       
Weight (kg) 68.4 ± 10.9 69.1 ± 12.7   70.1 ± 12.5 
Body Mass Index 
(kgm2) 25.4 ± 3.3 25.6 ± 3.8  25.8 ± 4.0 
Sum of 5 skinfolds 
(mm) 98.7 ± 28.6 100.7 ± 30.0  111.0 ± 32.7  
Months post treatment 6.4 ± 2.0   9.4 ± 2.0  12.4 ± 2.0 
Table 1 - Demographics of participants at each assessment 
Table 1 provides characterizes for each participant at baseline, post intervention and 3-month 
follow up. 
 
Diagnosis   
Breast Cancer 75% 
Colon Cancer 12.50% 
Adnoid Cyctic 
Carcinoma 12.50% 




Treatment   
Surgery 87.50% 
Radiation (RT) 87.50% 
Chemotherapy (CT) 37.50% 
Hormone Therapy 
(HT) 62.50% 
Surgery Alone 1 out of 8 
Surgery plus RT 6 out of 8 
Surgery plus RT & CT 3 out of 8 
Surgery plus RT, CT & 
HT 2 out of 8 
Surgery plus RT & HT 3 out of 8 
Table 2 - Baseline Demographics of participants 
Table 2 provides information on the diagnosis, stage and type of treatment received by the 
participants. 
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Intervention 
Assessment  

























Eligibility to participate 
confirmed 
✓    
Informed Consent 
Obtained 
✓    
Interview Portion ✓  ✓ ✓ 
Pre-Test (Resting Heart 
Rate and Blood 
Pressure) 




✓  ✓ ✓ 
Body Composition 
(CSEP® guidelines see 
Appendix C) 
✓  ✓ ✓ 
Cardiovascular – YMCA 
cycle ergometer 
submaximal test 
✓  ✓ ✓ 
Musculoskeletal testing 
(CSEP® guidelines) 
✓  ✓ ✓ 
Questionnaires – SF-




and Stages of Change 
✓ ✓ ✓ ✓ 
Table 3 - Outline of Assessments 
Table 3 provides an outline of what testing occurred at each of the four assessments. 
 
The above Table 3, Outline of Assessments, provides an overview of what 
occurred during each of the four assessments that the participants were asked to 
complete. For a full breakdown of each section of the assessment, interview 
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portion, cardiovascular testing, body composition and musculoskeletal testing, 
which followed the CSEP® guidelines, and copy of each questionnaire (Health 
and cancer related QOL, physical activity levels, lifestyle and stages of change) 
see Appendix C. 
As shown above prior to the pre-assessment, eligibility to participate in the 
study was reviewed with the participant. In addition, the key aspects of the 
consent form were discussed with the participants, who were given ample time to 
review the consent form and asked any questions before providing their written 
informed consent.  
The assessments consisted of an interview portion to obtain participants’ 
diagnosis, stage and grade of cancer, treatment, medical history, concerns or 
issues, activities of daily living, functional limitations, barriers to physical activity 
and goals they would like to reach. Prior to any physical activity, the participants’ 
resting heart rate and blood pressure were measured following the CSEP® cut 
off values. Participants that had the diagnosis of breast cancer had both limbs 
measured. Measurements were taken at four points; metacarpal-phalangeal 
joints, wrist, 10 cm distal to the lateral epicondyle, 15 cm proximal to the lateral 
epicondyle. Participants’ body composition was evaluated through height, weight, 
waist circumference and skinfold measurement. They completed the YMCA cycle 
ergometer submaximal test to evaluate cardiovascular function. Testing of 
participants’ muscular strength, endurance and flexibility was completed following 
the CSEP® guidelines. Test included; grip strength, push-ups, partial curl-ups, sit 
and reach, back extension test and predicted one repetition maximum (1RM) 
testing on the chest press and leg press machines. Finally participants completed 
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five questionnaires, Short Form 36 (Ware, 1993), Functional Assessment of 
Cancer Therapy (F.A.C.T) (FACIT, 2012), Health Physical Activity Participation 
Questionnaire (CSEP, 2003), Fantastic Lifestyle Checklist (CSEP, 2003) and 
Stages of Change (CSEP, 2003). For an expanded description of the assessment 
please see Appendix C. 
During the pre-assessment participants were scheduled into their bi-
weekly exercise session for the remainder of the eight-week exercise intervention 
(e.g. they would be participating in the Monday and Wednesday 5 – 6pm group). 
The post assessment was scheduled during the second last week of the exercise 
program, for one-week post intervention. Participants scheduled their three-
month follow-up assessment during the post-assessment. At this time each 
participant was provided with an exercise guidebook developed by UOIT Faculty 
of Health Science Kintern student Brittany Lee, providing the participants with all 
of the exercises prescribed during the eight-week program. This guidebook 
included pictures and a description of each exercise. Finally the guidebook 
provided the participants with their final exercise session information including 
weights used, sets and repetitions of each exercise (see Appendix G).  
Exercise Program 
Individualized exercise program for each participant was prescribed based 
on the pre-assessment results.  Although the exercise program was 
individualized, each program followed general guidelines set out by ACSM; 
cardiovascular exercise completed on the Monark® cycle ergometer at an 
intensity of 40% - 65% Heart Rate Reserve (HRR) and 10 resistance training 
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exercises started at an intensity of 40% - 70% one Repetition Maximum (1RM), 
adjustments to intensity occurred dependent on the equipment available, such as 
free weights and resistance tubing. The exercise program was eight weeks in 
length, with two exercise sessions per week. Participants completed the exercise 
program in small groups, up to five participants per session in the presence of a 
CEP and a Certified Personal Trainer CSEP® (CPT), who monitored exercises, 
technique, and provided motivation for the participants.  The CEP followed up 
with each participant during the exercise session, on their previous session and 
any issues that may have arisen. The sessions took place on the UOIT campus 
in a Faculty of Health Science, Kinesiology Lab. Equipment used included free 
weights, resistance bands, Monark® cycle ergometers, stability balls, medicine 
balls and participants body weight. 
During each exercise session participants completed a warm-up using the 
agility ladder prior to their prescribed aerobic and resistance exercises. As the 
participants progressed through the eight weeks, their individual exercise 
programs were modified and adjusted to prevent performance plateau. 
Progression of the exercises was done through a combination of  increasing the 
time, number of repetitions, or resistance. Progression occurred through 
discussion between the exercise leader and participants during each exercise 
session to ensure they were completing the exercise correctly and adjustments 
were made as exercises became easier.  
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Statistics 
 Due to the small sample size of this study (N=8), non-parametric statistical 
testing was completed using Kruskal-Wallis test and the percent change between 
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Results  
Although statistical significance was not observed in this study, trends in 
improved muscular strength and endurance, decreases in fatigue levels and 
clinical significance was identified. Percent change was completed on all pre-
assessment to post-assessment, pre-assessment to three-month follow up 
assessment and post-assessment to three-month follow-up assessment. 
Standard deviation is not included in the figures due to the low sample size and 
high variation, however standard deviation is provided in text form.  
Adherence 
 Throughout the eight-week intervention if participants missed a session, 
the session was rescheduled to the extent possible. There was a 96.8% 
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Figure 2 shows the average percent changes that occurred for body composition testing through 
comparisons of the assessment. No statistical significance or patterns were found within these 
results. 
 
 The average percent change of the Body Mass Index (BMI), weight, waist 
circumference (WC) and sum of 5 skinfold (SO5S) measurements indicate 
minimal change, during the exercise intervention and three-months post, as seen 
in Figure 2 (above). The percent change either positive or negative was minimal. 
However Healthy Body Composition scores of BMI + WC (5.83% ± 37.5) and BMI 
+ WC + SO5S (4.16% ± 27.3) from pre-assessment to post-assessment time 
comparison indicates there was a positive change occurring in the participants’ 
body composition Health Benefit Zones.  
Cardiovascular 
 
Figure 3 - Cardiovascular Percent Change 
Figure 3 presents the average percent change that occurred for the Predicted VO2max and health 
benefit zones for the participants through assessment comparisons. No statistical significance or 
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 The predicted V02max from the pre-assessment ranged from 26.9 
ml/kg/min to 52.5ml/kg/min for the eight participants. For post assessment the 
range shifted to 31.5ml/kg/min to 49.16ml/kg/min. There was an average positive 
14.3% ± 43.6 change from pre-assessment to post assessment comparison, 
indicating that there was an average improvement in cardiovascular function for 
the participants. The pre-assessment to follow-up assessment and the post 
assessment to follow-up assessment comparisons both show average negative 
percent change at 4.4% ± 34.7 and 12.3% ±20.4, respectively. The trend of 
improvement in predicted V02 max was also seen in participants’ Health Benefit 
Zone (HBZ) as developed by CSEP, with an average positive percent change of 
89% ± 179.8 at the pre-assessment to post-assessment time comparison. A 
decrease is also seen in average percent change at comparison of pre-
assessment to follow-up assessment (16.3% ± 109.5), and post assessment to 
follow-up assessment (-26.5% ± 23.6) compared to pre-assessment to post 
assessment comparison. Again this indicated that there was a trend of 
improvement in cardiovascular function following the eight-week exercise 
intervention, however this improvement in cardiovascular function was not 
maintained during the three-months following the intervention, as seen in Figure 
3 (above). 
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Musculoskeletal 
 
Figure 4 - Musculoskeletal Average Percent Change 
Figure 4 provides a graphical representation of the average percent change that occurs for each 
of the musculoskeletal tests completed for the assessment comparisons. No statistical 
significance was found, however patterns of increases in upper body and lower body strength, 
and muscular endurance were seen. 
 
 Of the nine variables evaluated seven showed positive average percent 
change and two were negative. The greatest average percent change during the 
pre-assessment to post assessment comparison occurred with predicted one 
repetition maximum (RM) chest press, evaluating upper body muscular strength, 
with a 53% ± 38.9 positive change, indicating improvements in upper body 
strength. Compared to lower body strength, predicted 1 RM leg press, of average 
positive percent change of 16.7% ± 52.5 which when compared to upper body 
percent change is not as large of a change. However the trend of improvement in 
lower body strength was still seen. Both upper body and lower body, predicted 1 
RM chest press and leg press respectively, show decreases in average percent 
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follow-up assessment comparisons in relation to the pre-assessment to post 
assessment average percent change value. 
 Grip strength, which indicates overall strength, had minimal positive 
average percent changes at all time comparisons, suggesting that no change 
occurred in grip strength during intervention or during three months following 
intervention. 
 The push-up test evaluates upper body endurance. Only seven of the 
eight participants completed the push-up test due to wrist issues. Over all of the 
assessment comparisons there was a positive average percent change. Pre-
assessment to post assessment 23.9% ± 24.5, then 23.9% ± 53.8 and finally 
67% ± 227 at the post assessment to follow-up assessment.  
 Partial curl up test used to assess participants’ abdominal muscular 
endurance had only two participants able to fully complete the test during all 
assessments, with an additional two participants able to complete the full 
assessment during at least one assessment. The test allows for participants to 
complete the test to the best of their ability, using distance curled in cm and total 
number of curls at the distance they are able to curl. Only four participants were 
able to fully complete the test at least one of the assessment, which provides a 
negative average percent change of 55% ± 45.5 in the pre-assessment to post 
assessment comparison. However evaluating all participants, comparing 
distances and number of curl-ups completed, pre-assessment to post 
assessment half of the participants (four of eight) had improvements in their 
abdominal muscular endurance, one participant maintained their abdominal 
muscular endurance and three participants had a decrease in their abdominal 
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muscular endurance. At the post assessment to follow-up assessment 
comparison half of the participants increased, while the other half saw a decrease 
of their abdominal muscular endurance. 
 One of the two variables that had a negative average percent changed 
from pre-assessment to post assessment was the sit and reach, which measures 
lower body flexibility. Compared to other variables measured, the sit and reach 
moved from a negative average percent change from pre-assessment to post 
assessment at -12.7% ± 13.1, increasing to 15.2% ± 24.0 pre-assessment to 
follow-up assessment, then 39.4% ± 59.2 post assessment to follow-up 
assessment. This indicates that lower body flexibility decreased during the eight-
week intervention and increased during the three-months following the 
intervention, where participants tended to have reduced physical activity. 
 For back extension, only seven participants were used for the average 
percent change, as one participant was only able to complete the 3 month follow-
up assessment test due to low back issues during the previous assessments. 
The average percent change for the pre-assessment to post assessment 
comparison was 50% ± 68.3, with a slow decrease towards the follow-up 
assessment. Back extension tested the muscular endurance of the extensor 
muscles of the back, indicating that there was a trend of improved extensor 
muscle endurance following the exercise intervention, which slowly decreased 
following the exercise intervention. 
 The composite muscle score and composite back score developed by 
CSEP provides an overall score for the muscle and back. Composite muscle 
score had average positive percent change at all assessment comparisons, 
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however again like sit and reach, the lowest average percent change occurred at 
the pre-assessment to post assessment comparison (8.3% ± 56.5), then 31.3% ± 
65.8, and finally 37.5% ± 48.4 at post assessment to follow-up assessment. 
These results suggest that there was a greater change occurring following the 
three-months after the exercise intervention then immediately post exercise 
intervention. The composite back score pre-assessment to post assessment had 
an average positive change of 7.3% ± 21.8. There was a decrease following the 
intervention; pre-assessment to follow-up assessment average percent change 
1% ± 36.5, and post assessment to follow-up -2.1% ± 40.1 change. 
Quality of Life Questionnaire testing 
 
 
Figure 5 - SF-36 (Energy/Fatigue and Pain) Percent Change 
Figure 5 displays two of the eight subcategories of the Short Form 36. The Energy/Fatigue 
subcategory shows patterns of improvements in energy levels following the exercise intervention, 
with no statistical significance found. The pain subcategory had no statistical significance or 
patterns found, however it is of interest to note that participants had minimal increase in pain 
levels during intervention and minimal decreases in pain levels after the intervention. A figure with 
all subcategories from the SF-36 can be found in Appendix H. 
 
 The questionnaires were completed four times throughout the study, pre-
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assessment and three-month follow-up assessment; there are six assessment 
comparisons evaluated. 
Health Related QOL was evaluated using the Short Form 36 (SF-36) 
(Figure 5 (above)) and Functional Assessment of Cancer Treatment (F.A.C.T.) 
(Figure 6 (below)). SF-36 is broken down into eight subcategories; Physical 
Functioning, Role Limitations – Physical Health, Role Limitations – Emotional 
Problems, Energy/Fatigue, Emotional Well Being, Social Functioning, Pain and 
General Health.  
Energy/Fatigue subcategory on average had the greatest average percent 
change over the assessment comparisons. Pre-assessment to post assessment 
Energy/Fatigue had the greatest percent change with 23.3% ± 34.1 change 
compared to a negative average percent change of -9.5% ± 38.6 for Role 
Limitation – Physical Health. The Energy/Fatigue subcategory percent change 
was in the top two positive percent change, except in the post assessment to 
follow-up assessment, among the subcategories. There was a decrease in 
Energy/Fatigue from post-assessment to three-month follow-up. The findings 
indicate that there was an improvement in energy or reduction in fatigue during 
the intervention, however following the three-months after the exercise 
intervention energy levels decreased or fatigue increased. 
The pain subcategory, although minimal changes throughout all 
assessment comparisons, provides an interesting finding. All assessment 
comparisons except mid-exercise intervention assessment to follow-up 
assessment and post assessment to follow-up assessment, found there was a 
minimal negative average percent change, with a positive average percent 
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change occurring at comparisons mentioned above. This could indicate that 
during the intervention participants experienced additional pain, and had 
improvements in pain levels following the three months post intervention. 
However, since the amount of average percent change was minimal positive or 
negative, this suggests that no change was actually occurring. 
 The other six subcategories provide some change, however no 
subcategory has the same positive or negative average percent change as the 
Energy/Fatigue subcategory. Physical Functioning, Emotional Well Being and 
Social Functioning had the greatest percent change during the pre-assessment to 
post assessment comparison with the highest change at 6.9%.  See results 
appendix (Appendix H) for a full figure of SF-36 subcategories average percent 
change and clinical significance word cloud. 
 The F.A.C.T. average percent change showed minimal positive and 
negative changes with the greatest positive change of 3.1% ± 4.6 and negative 
change of -2.7% ± 3.4, suggesting that minimal change occurred in disease 
related QOL. 
 The three additional questionnaires evaluated; Stages of Change, 
Fantastic Lifestyle Checklist and Healthy Physical Activity Participation 
Questionnaire (Figure 6 (below)) all had positive average percent change at the 
pre-assessment to post assessment comparison, however the Fantastic Lifestyle 
Checklist questionnaire’s greatest percent change occurred Mid-assessment to 
three-month follow-up assessment comparison. A copy of the questionnaires 
used can be found in Appendix E. 
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Figure 6 - Questionnaire Percent Change 
Figure 6 provides an overview of the average percent change that occurred through the 
assessment comparisons for the Functional Assessment of Cancer Therapy (F.A.C.T), Fantastic 
Lifestyle Checklist, Health Physical Activity Participation Questionnaire, and Stage of Change 
Questionnaire. No statistical significance or patterns were found. 
Participant Remarks 
 During each exercise session and the post-assessment participants were 
given an opportunity to provide comments on their experiences and feelings from 
the program. Participants commented on their improved balance, increases in 
energy levels and noticing they were feeling stronger. A list of all comments 
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Discussion 
Results in content 
As it was hypothesized a combined personalized exercise eight-week 
training program for individual’s post-cancer treatment suggests positive patterns 
of improvements in muscular strength, endurance and perceived QOL following 
the exercise intervention. 
Similar to Courneya et al (2007) both studies identified trends of 
improvements in upper and lower body strength following a 17-week exercise 
intervention. This finding is in line with research conducted by De Backer (2007) 
and Ohira et al (2006), that identified improvements in strength after 8 to 12 
weeks and six-months of exercise training, respectively. However, within this 
study, participants did not maintain their gains in strength at the three-month 
follow-up assessment, suggesting that the benefits experienced during the 
exercise intervention are only maintained with continued exercise. 
Another trend identified within this study was a decrease in levels of 
fatigue and/or increase in energy levels. Along with results from questionnaires 
indicating changes in fatigue/energy levels, participants also verbally indicated 
noticing changes in their energy levels, throughout the intervention and during the 
post-assessment. Sprod et al (2010) also noticed a reduction in fatigue levels 
following both a three-month and six-month exercise intervention, suggesting that 
extended program length, beyond eight weeks, will further provide decreases in 
fatigue levels and/or improvements in energy levels. Again similar to the 
improvements in muscular strength, positive changes in fatigue/energy levels of 
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the participants were not maintained at the three-month follow-up assessment, 
suggesting that these benefits will also only be maintained with continued activity. 
This current study provided participants with personalized exercise 
prescription to assist them in improving functional capacity and working towards 
their individual goals. Sprod et al (2010), compared to Courneya et al (2007),  De 
Backer (2007) and Ohira et al (2006), was the only other study that completed 
personalized exercise prescription. Although similar improvements were seen 
across all of the studies noted, personalized exercise prescription during an 
eight-week or three- & six-month exercise intervention also provides benefits. 
This suggests that personalized exercise prescription will also provide 
improvements to this clinical population. 
An interesting finding from this study was the improvements seen from 
pre-assessment to post assessment by the participants in the push-up test. Four 
of seven participants were able to complete the push-up test at pre-assessment, 
compared to the post assessment where seven out of seven participants were 
able to complete the test. One participant was unable to complete this test due to 
wrist issues. In addition to this improvement, all participants had positive changes 
in upper body strength (predicted 1 RM chest press) at the post assessment. 
What is interesting from these findings is that 75% of the sample population was 
diagnosed with breast cancer, and with this population changes to muscular 
strength, endurance and shoulder ROM could be affected from the disease and 
treatment. Although shoulder ROM was not measured in this study, and is a 
drawback from these findings, however these findings suggest improvements in 
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upper body strength and endurance, which can be an affected area within the 
breast cancer population.  
Interesting findings 
The most interesting and possibly most important finding of this study was 
that clinical significance occurred for the participants and was determined through 
improved physical functioning and perceived QOL. Clinical significance could 
imply many different aspects, however if there is a positive difference made in an 
individuals’ daily activities, this should indicate clinical significance (Kazdin, 
1999). Throughout the exercise intervention and at the post assessment, 
participants provided comments on how they felt following an exercise session 
and on the program as a whole. “Noticing more energy”, “feel like I’m stronger”, 
“feeling energized as (I) workout”, “finding balance is increased” are among the 
remarks that participants provided. Additional comments can be found in 
Appendix I. These comments indicate that participants identified improvements in 
their strength, endurance, energy levels, and balance. Along with these 
improvements, participants enjoyed the group-training atmosphere and would 
have liked to continue on with this type of programing. The comments from the 
participants suggest that there was a positive change experienced, which 
affected their daily activities, indicating clinical significance occurred with the 
exercise intervention.    
Strengths and Limitations 
There are various limitations to this study such as the small sample size of 
eight participants and lack of control group, which may have reduced the ability to 
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detect statistical significance and limits our ability to interpret the results. Limited 
information can be obtained from average percent change experienced by the 
participants and also demographics of the sample size, as 3/4 of the participants 
had been diagnosed with breast cancer. Additional limitation includes the length 
of the intervention of eight weeks. Research has found benefits from exercise at 
the eight week mark, however from this study, it may prove to be too short of a 
time to obtain the full benefits of the program and engrain physical activity as a 
habit following intervention. The location and equipment used for the exercise 
sessions provided to emulate more of a home-gym atmosphere, as the program 
ran in a Kinesiology lab at UOIT and free weights, body weighted exercise, 
resistance bands and cycle ergometers were used. Although this provided 
participants with the understanding that physical activity can occur anywhere with 
limited equipment, it may not have fostered the correct motivation for continuation 
of physical activity, or for the participants to enter a gym setting. Review of the 
outcomes, using the YMCA cycle ergometer submaximal test may have provided 
more of a challenge and elicited local muscle fatigue, therefore affecting the 
outcome of the participants’ cardiovascular results, compared to a walking or step 
test (Ebbeling single stage treadmill test or mCAFT). Additionally due to limited 
recruitment, this was a pre-post testing with no control group. Finally, the 
Principal Investigator (PI) was also the exercise leader that conducted all 
assessments, developed the personalized exercise programs, and supervised 
the exercise sessions, and additional unintentional bias could have influenced the 
outcomes of this study.  
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 Although there are various limitations to this study, this is a pilot study that 
requires additional research. There are however great strengths to this study. 
The assessor and exercise leader was a Certified Exercise Physiologist (CEP) 
through CSEP, and Certified Kinesiologist. The participants received 
personalized exercise programs of both aerobic and resistance prescribed 
exercises. The prescribed exercise program was based on each participant’s 
initial assessment physical testing results with a discussion of each participant’s 
goals at an early stage. Along with the personalized exercise program, each 
exercise session was completed in a group exercise format, supervised by a CEP 
and CPT (Certified Personal Trainer through CSEP). Providing a group 
atmosphere for individuals to exercise, with other individuals dealing with similar 
issues allowed for additional social support to develop between group members. 
This was further confirmed by a participant’s comment “good to be in a small 
group with others going through the same thing”; enjoyment of the group setting 
and being able to interact with peers. Finally providing supervision of the exercise 
program ensured that proper technique was being followed for exercises, 
especially if the exercises were new to the participant. It also ensured 
progression of the exercises to allow for greatest benefits to be received by the 
participant. Additionally having a supervised exercise program allowed the 
participant to be accountable for their physical activity to external individuals 
(other participants and exercise leader) and not just to themselves. Some 
participants found it difficult to be only accountable to themselves following the 
exercise intervention. 
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Implications 
Although this current study did not provide statistical significance, trends 
and clinical significance were still experienced. For a clinical population such as 
cancer, clinical significance may be a better predictor of improvements, 
specifically in a functional capacity. Individuals with mixed cancer diagnosis, post 
cancer treatment will benefit from a personalized exercise intervention occurring 
within one year of treatment.  Courneya et al (2003c) suggested that for breast 
cancer survivors, continued research needs to be completed on timing for 
implementation of an exercise intervention along the journey of cancer diagnosis 
to remission. However, research including this study, has shown that there are 
benefits of an exercise program post cancer treatment (Burnham & Wilcox, 2002; 
Campbell et al., 2005; Ohira et al., 2006; Schwartz et al., 2001). 
Implications from this study suggest programming of exercise 
rehabilitation/therapy for individuals post cancer treatment should be developed 
in Ontario, specifically Durham Region area. Providing an individualized 
approach to exercise prescription allows the individual to work towards their 
goals, while still assisting them towards their physical functioning pre-diagnosis 
levels. Finally, the supervised group training atmosphere provides a safe, social 
support setting for this population, allowing not only improvements from the 
exercise prescribed, but the benefits of external motivation, accountability and 
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Conclusion 
 Positive patterns in reduction of fatigue, improved muscular strength and 
back extensor endurance following exercise intervention, and overall clinical 
significance, was seen following an eight-week personalized aerobic and 
resistance exercise program for individuals who are post cancer treatment.  
 Positive physical and QOL changes were experienced by participants, 
indicating clinical significance occurred within this study.  
 As mentioned, this is a pilot study and further research is needed 
specifically to confirm the results and reduce the limitations of this study. 
However, additional research is needed in general in the field of cancer and 
exercise rehabilitation. Program length, intensity of prescribed exercises, role of 
group dynamics during physical activity, heterogeneous versus homogenous 
group dynamics, exercise programs developed for specific cancer types or 
personalized exercise programs are factors which should be researched to 
provide a better understanding of what type of exercise program design will 
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Summary Conclusion 
 This study provides an overview of the benefits of a personalized aerobic 
and resistance exercise program on individuals post cancer treatment. The 
benefits experienced include a reduction of fatigue levels, an increasing in 
physical functioning and an improvement in perceived QOL. This study, along 
with past and current research, should provide confidence in cancer health 
practitioners to recommend or refer their patients to become physically active or 
partake in an exercise program (Milne, 2008). This recommendation or referral 
should be to an exercise specialist, such as a Kinesiologist or Certified Exercise 
Physiologist, CSEP® with knowledge of the most appropriate exercise program 
for those living with illnesses. The hope is that cancer will be beaten in our 
lifetime, however individuals will still be diagnosed with cancer and experience 
side effects associated with the disease and treatment, therefore a 
nonpharmacological natural approach to reducing these side effects is necessary 
such as the comprehensive physical fitness program. A comprehensive physical 
fitness program developed by trained professionals is needed and should be a 
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To determine whether an eight 
week combined aerobic and 
resistance exercise training 
program will improve overall 
physical functioning and quality 
of life of individuals following 
cancer treatment (surgery, 













Physical risks with exercise: 
- Muscle strain/sprain 
- Joint pain or discomfort 
- Increased muscle 












Below are three ways to contact, if 
you are interested in participating 
or have any questions: 
 
 1) Meagan O’Neill - 905-447-7205 
If you recieve Voice Mail please 
provide your name, number and 
best time for return call. 
 
2) Meagan O’Neill - 
Meagan.O’Neill@uoit.ca 
In your e-mail please provide your 
name, number, and the best time 
for you to be reached. 
 
3) Meredith Shaw - Hearth Place 
Provide Meredith with your name, 





Background Cancer and 
Exercise 
Through research exercise has 
been shown to help reduce some 
side effects associated with cancer 
and its treatment. 
Benefits have been seen in 
improving muscular strength, 
cardiovascular functioning, self-
esteem; as well as improving quality 
of life, through decreasing fatigue, 
anxiety and depression. 
Research has been completed 
through aerobic only, resistance 
only and combined aerobic and 
resistance exercise training. 
This current study will use 
combined aerobic and resistance 
exercise training during the eight 
week intervention 
Study approved by UOIT Research 
Ethics Board File # 12-007. Ethics 
Compliance officer: 




Assessment and Exercise session 
will be located at UOIT, in the 
Science Building and Campus 
Recreation and Wellness Centre. 
2000 Simcoe St. N. Oshawa, ON  
Parking 
There will be free access to parking 
during assessment and exercise 
sessions.  
Timeline of Study 
Middle of Sept – Middle of Oct: 
 Participant Recruitment 
Middle of Oct: 
 Initial Assessment 
Middle of Oct – Middle of Dec: 
 Eight week exercise 
 intervention, two sessions per 
 week 
 Nov: 
 Half way Questionnaire 
 assessment 
Middle of Dec: Final assessment 
Participation 
Who can participate? 
 Individuals who have been 
diagnosed with a solid tumor, 2 - 12 
months post treatment, and are not 
pregnant. 
What does participation entail? 
 Participating in this research 
study will be through two assessments 
consisting of both physical testing 
and questionnaires, as well as a half 
way questionnaire assessment. Also 
you will participate in an eight week 
individualized exercise program. 
What do I receive from 
participating? 
 Participants will receive an 
individualized eight week exercise 
prescription from a Certified 
Exercise Physiologist.   
Overall benefits of research 
Additional research within the field of 
Cancer and Exercise Rehabilitation 
will assist with evidence based results 
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Appendix B
 
14	  Interested	  individuals	  
contacted	  to	  participate	  in	  
the	  study	  
10	  indidviduals	  met	  inclusion	  
criteria	  and	  pre-­‐assessment	  
was	  scheduled	  
Participants'	  Information	  
packages	  were	  sent	  to	  non-­‐
proIit	  support	  centre,	  which	  
they	  were	  required	  to	  pick	  up	  
PAR-­‐Q	  and	  Study	  Intake	  Form	  
was	  Iilled	  out	  by	  Participant	  
PARmed-­‐X	  was	  Iilled	  out	  by	  
Physician	  for	  approval	  
Eight	  of	  the	  10	  individuals	  
received	  physicians'	  approval	  
and	  completed	  the	  pre-­‐
assessment	  
Participants	  completed	  an	  8	  
week	  individualized	  
combined	  aerobic	  and	  
resistance	  exercise	  
intervention	  with	  2	  
supervised	  exercise	  sessions	  
per	  week	  
Participants	  completed	  a	  
post-­‐assessment	  one	  week	  
following	  their	  last	  exercise	  
session	  
3-­‐months	  after	  the	  post	  
assessment	  a	  follow	  
assessment	  was	  completed	  
4	  individuals	  did	  not	  meet	  
inclusion	  criteria	  




During the interview portion of the pre-, post-, and three-month follow-up 
assessments, information obtained from the participant included: diagnosis, stage 
and grade of cancer, treatment of the disease, any recent scans and outcomes, 
medical history, as well as any current concerns or issues. Finally information 
was obtained on activities of daily living, current and past exercise habits, any 
subjective functional limitations that would prevent them from being active, 
physically or during their daily lives, as well as goals the participant might have or 
barriers that have prevented them from achieving their goals and being physically 
active in the past. During the post and follow-up assessment, participants were 
asked about their additional activities of daily living. 
Pre-­‐test	  
Following the interview portion, the participant’s resting heart rate and 
blood pressure were measured.  For resting heart rate if the measurement from 
the 15 second test was 100 beats per minute (bpm) or greater, the participant 
was seated for 5 minutes and the resting heart rate was re-measured; if it was 
under 100 bpm (the cut off value) the assessment continued.  Resting blood 
pressure was measured, if the systolic blood pressure was ≥144 mmHg or 
diastolic blood pressure was ≥94 mmHg (the cut off values), the participant 
rested for 5 minutes and the measurement was retaken.  If it was below the cut-
offs noted above, the assessment continued. If a participant had been diagnosed 
with breast cancer, lymphedema measurements of both affected limbs (arms) 
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were taken at four points; metacarpal-phalangeal joints, wrist, 10 cm distal to the 
lateral epicondyle, 15 cm proximal to the lateral epicondyle. The pre-assessment 
measurements were used as a baseline for each individual participant (CSEP, 
2003). 
Body	  Composition	  
During the body composition portion of the pre-, post-, and three-month 
follow-up assessments each participant’s height was measured to the nearest 0.5 
cm and weight to the nearest 0.1 kg, this was used to calculate the participant’s 
body mass index (BMI = weight(kg)/height(cm)2).  Their waist circumference and 
skinfold measurement were taken: Waist circumference was measured to the 
nearest 0.5 cm.  Skinfold measurements occurred at 5 locations; triceps, biceps, 
subscapular, iliac crest, and medial calf.  The skinfold measurements were taken 
with Harpenden calipers and recorded to the nearest 0.2 mm.  The 
measurements from the body composition were used to find the composite score 
and provide a baseline for each participant. At each assessment the same 
measurement tools were used (CSEP, 2003). 
Cardiovascular	  
YMCA	  Cycle	  Ergometer	  Submaximal	  test	  
The cardiovascular testing was completed via the YMCA cycle ergometer 
submaximal test.  This test consisted of a 3-4 minute warm-up at 0.5 kp (50 
watts), throughout the cardiovascular test the heart rate was measured at the end 
of each minute.  During the warm-up stage if the heart rate reached a steady 
state (heart rate ≤5 bpm) in the final two minutes, the steady state heart rate was 
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used to determine the resistance loading sequence for the subsequent workloads 
of the test as outlined in the YMCA cycle ergometer test (see end of Appendix D).  
If during the remaining workload(s) the heart rate reached a steady state, the 
resistance was adjusted to the subsequent workload until the participant reached 
within ten beats of their 85% predicted HR max. 85% predicted HR max was 
determined by finding the participant’s age predicted HR max (220-age) and 
multiplying the value by 0.85%.  Once the participant had reached their 
submaximal heart rate, within 10 beats of their 85% predicted max HR the test 
was complete. The resistance was lowered for the active recovery phase, which 
ranged from 2-5 minutes.  Following the active recovery the participant’s heart 
rate and blood pressure was measured at minutes 1, 3 and 5 (CSEP, 2003). 
Musculoskeletal	  
The cardiovascular test was also a warm-up for the musculoskeletal 
testing. The following are the tests completed for the musculoskeletal section of 
the pre-, post- and three-month follow up assessments.   
Grip	  Strength	  
Grip strength was assessed using a hand dynamometer to determine the 
upper-body strength of the participants. The hand dynamometer was adjusted to 
fit each participant so that the 2nd joint of the fingers fit under the handle and 
could hold the weight.  Participants were instructed to hold the hand 
dynamometer with a straight arm with hand away from thigh, dial of dynamometer 
away from the body and to maximally squeeze the hand dynamometer.  This was 
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done twice, alternating between both hands with measurements rounded to the 
nearest kilogram (CSEP, 2003). 
Push-­‐ups	  
Next, the participant completed the push-ups test, evaluating upper body 
muscle endurance.  If any participant answered yes to having back issues this 
test was not completed.  Participants were asked to complete their maximum 
number of push-ups consecutively with no time limit.  Participants’ start position 
was prone with legs together, hands under shoulders with fingers pointing 
forward.  All participants were female so they completed this test from their knees 
with their toes maintaining contact with the ground.  They had to push up from the 
mat to fully extended arms, and then return to starting position – chin to mat.  As 
mentioned previously, participants had to complete the push-ups consecutively, 
any incorrect repetition was not counted and the test was stopped after two 
consecutive repetitions with incorrect technique.  Participants were allowed one 
to two practice repetitions (CSEP, 2003).   
Partial	  Curl	  up	  
The partial curl up test evaluated abdominal muscle endurance.  The 
participant laid on a mat with their knees bent to 90°, with two taped lines 10 cm 
apart on the mat.  Participants started with fingertips touching the first taped line 
and curled up using abdominal musculature to touch the second taped line.  The 
participant was required to keep their feet on the ground and hands on the mat.  
Participants had to move to the beat of a metronome set at 50 beats per minute.  
With the first beat, they curled up to the second tapeline and the following beat 
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then returned to the start position and repeated until the test was terminated. This 
was a timed test of one minute; with a maximum of 25 curl ups for this test.  To 
ensure proper technique, the participants returned their shoulder blades and 
head to the mat at the end of each curl up.  If the participant was experiencing 
any discomfort, unable to maintain the cadence, or had improper technique on 
two consecutive repetitions, the test was terminated before the minute was up 
(CSEP, 2003). 
Flexibility	  
To test the flexibility of the participants hamstrings and lower back, they 
completed a sit and reach test. Participants completed modified hurdle stretch 
twice on both legs for 20 seconds prior to completing the test. A flexometer was 
used to measure flexibility.  The participant sat with legs straight, no shoes on 
and feet flat against the flexometer; their feet 6 inches apart.  The participant 
placed their hands, one on top of the other.  Keeping their knees extended, the 
participant bent forward pushing the slider forward and holding for 2 seconds at 
their farthest point.  The movement was to be smooth with no jerky movements or 
the trial would not be counted.  This was done twice and the maximum value was 
recorded.  The measurement was recorded to 0.5 cm (CSEP, 2003).   
Back	  Extension	  
Prior to the back endurance test, the participants completed a pre-test to 
ensure they did not experience pain/discomfort in the low back. The pre-test 
consisted of having the participant lie prone on a mat, they performed a single 
straight leg extension with both right and left leg, then leg extension left and right 
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with opposite arm.  If there was any discomfort or pain in the participant’s low 
back, the test was terminated.  Equipment used to complete this test consisted of 
a step used for mCAFT test, mat and straps used to secure the participant’s legs. 
The participant lay prone on the step with iliac crest positioned at the edge of the 
step, initially they supported their upper body weight with their hands.  Straps 
were placed at middle of the calf and middle of the thigh and additional pressure 
on the back on their legs was provided if asked.  To start the test, the participant 
raised their arms off the ground and crossed them over their chest.  The 
participant was instructed to maintain the horizontal position of their body by 
contraction of their abdominals for as long as possible up to a maximum time of 
180 seconds. During the test, they were not allowed any rotation or lateral 
shifting.  This test allowed for one warning of incorrect technique and re-
positioning.  The total number of seconds was recorded.  After the test was 
completed the participant recovered by lying on their back and bringing their 
knees to their chest to relax their back muscles, this was done for one minute 
(CSEP, 2003).   
Health	  Benefit	  Zone	  
Health Benefit Zone was developed by the CSEP as a way to interpret 
results of the testing to individuals based on the health benefits associated with 
their results. Health Benefit Zone range from Needs Improvement, Fair, Good, 
Very Good and Excellent. With the higher zone indicating the individual has more 
health benefits from their results and the lower zones the individual has more 
health risks from their zones. Each test or fitness component Health Benefit 
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Zones indicate what level of benefit or risk their score is associated with and 
additional information on ways to improve the rating (CSEP, 2003). 
Predicted	  One	  Repetition	  Maximum	  (1RM)	  
The final strength testing was a predicted one-repetition maximum, which 
was a submaximal strength test.  This evaluated upper body strength and lower 
body strength. Participants warmed up on the weight machine, either chest press 
or leg press depending on which test was being conducted, using a light weight 
completing 10 repetitions with proper technique.  If the participant was able to 
complete the warm-up stage completely with this weight after a minute of rest, 
the weight was increased. Participants again attempted 10 repetitions with 
correct form. If the participant was able to complete 6-10 repetitions and would 
not have been able to complete an additional repetition with correct form, then it 
was deemed they had completed the test. If however, they felt that they would be 
able to complete an additional repetition another attempt was completed until the 
participant was unable to complete a full 10 repetitions. Once the participant had 
completed 6-10 repetitions maximum, the number of repetitions and the weight 
lifted was used to predict the one Repetition Maximum, using the chart found in 
Appendix F and calculation (weight/%1RM). 
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Questionnaires	  
Short	  Form	  36	  (SF-­‐36) 
	   The Short Form 36 questionnaire is a health related QOL questionnaire, 
that evaluates QOL through eight subcategories; physical functioning, social 
functioning, role limitations – physical problems, role limitations – emotional 
problems, emotional well-being, pain, general health and energy/fatigue. This 
provides subjective health related QOL by the individual completing the 
questionnaire (Brazier et al., 1992). 
Functional Assessment of Cancer Therapy	  
	   The Functional Assessment of Cancer Therapy (FACT) is a disease 
related QOL measurement. This questionnaire looks at four dimensions of health 
within the one questionnaire; physical, social, emotional and functional well-being 
(Cella, 2000). 
Stages of Change 
 Questionnaire used to evaluate the individual’s readiness to change their 
physical activity levels(CSEP, 2003). 
Healthy Physical Activity Participation Questionnaire 
 A questionnaire used to evaluate an individuals health benefits from their 
physical activity level. The questionnaire evaluates three areas of physical 
activity; frequency, intensity and perceived fitness. With higher scoring of the 
questionnaire the individual is obtaining more health benefits from their physical 
activity levels, with lower scores their physical activity levels may be associated 
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with health risks. This is evaluated from the Health Benefit Zones developed by 
CSEP previously discussed (CSEP, 2003). 
Fantastic Lifestyle Checklist 
 This is another questionnaire that is used to evaluate health benefits, 
through evaluation of the individual’s attitudes and lifestyle habits. Having the 
individual subjectively answer questions on their habits and attitudes on family, 
nutrition, and stress to name a few, provides another factor to the health benefits 
of the participants. Again this questionnaire is evaluated with the Health Benefit 
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Pre  Mid-point (questionnaire only)  Post                 
         Participant # ___ 
      Name of Assessor: _____________ 
 
Gender: M  F     Par-Q: Approved Y / N  Parmed-X: 
Approved Y / N    
F.A.C.T: Completed Y / N   SF-36: Completed Y / N  Healthy 
Physical Activity Participation: Score    Rating 
Fantastic Lifestyle Checklist: Score    Rating  Physical Activity Stages of 
Change Assessment: Completed Y / N 
 
 
Diagnosis: _________      Stage: _______ Grade: _________  
 Age: _____ 
 





















Current Pain, how long, due to disease? 
________________________________________________________________
_________________________________ 
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Have you previously been a member at a fitness facility?  Yes or No 
 
Do you exercise regularly? Yes or No 
 What do you do? 
________________________________________________________________
____________ 












Barriers that previously prevented you from exercising, or barriers you feel 








Any other information you feel is relevant but you have yet to shared: 
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Resting Heart Rate and Blood Pressure 
 
Heart Rate: ________ (15 sec) __________bpm 
Blood Pressure: Systolic _________mmHG Diastolic _______mmHG 
 
Continue on with Assessment: Yes  Wait 5 minutes and retake  
 
Heart Rate: __________bpm   Ok  
 
Blood Pressure: Systolic _________mmHG  Ok  




If Diagnosed with Breast Cancer: 
 
Arm Measurements (centimeters)  Affected side:  Left or Right 
Arm MCPs Wrist 10cm Below 
Lat. 
Epicondyle 
15 cm Above 
Lat. 
Epicondyle 
Right     




Height: _____feet &inches _______ cm (nearest 0.5 cm) 




Waist Circumference __________ cm (nearest 0.5cm)  Rating 
________ 
 










Triceps     
Biceps     








Subscapular     
Iliac Crest     
Medial Calf     
 
Sum of 5 skinfolds: _______ 
 
 
Health Body Composition scores 
 Score Rating 
BMI + WC + SO5S   
BMI + WC   
Cardiovascular Assessment 
 
 Ebbeling Single-Stage Treadmill walking test  Predicted VO2 max 
____________ 






Grip Strength (kg) 
Right Hand 1_______  2______  Max _______   Combined Right 
and Left Max _______  Rating _________ 
Left Hand   1_______  2______  Max _______ 
          
Push-ups  Any low back issues: Yes or No    
   
Max number _______ Rating: _____      
             
Partial Curl-Up (max 25)       
Total number _________  Rating _________    
 
Sit & Reach (cm) (complete stretching before – 20 sec 2x/leg, Hold test for 2sec, 
shoes off) 
Trial 1 _________   Trial 2 ________ 
Max _______ Rating______ 
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Back Extension Pre-test complete: Yes or No, Continue with test: Yes or No 





wt (lbs or kg) # of Reps Predicted 1-RM 
Bench Press    
Leg Press    
 
Composite musculoskeletal fitness 













   8 8 
Push-ups 
(#) 




   4 8 
Partial 
Curlups (#) 
   4 4 
Leg Power 
(W) 




   4 4 
Total Maximum Attainable Weighted Score: ................. /32  /32 
Total Weighted Score Achieved: ...........         ____________ 
Composite Musculoskeletal Fitness Score:    ____________ (out of 4) 
Composite Musculoskeletal Fitness Rating: 
   NI F G VG E 
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Composite back fitness 





















   4 4 
Partial 
Curlups (#) 




   8 8 
Total Maximum Attainable Weighted Score: ............         /28   /28 
Total Weighted Score Achieved: ...........         ____________ 
Composite Musculoskeletal Fitness Score:    ____________ (out of 4) 
 Composite Musculoskeletal Fitness Rating: 
   NI F G VG E 
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THE CANADIAN PHYSICAL ACTIVITY, FITNESS AND LIFESTYLE APPROACH • THIRD ED. SUPPLEMENT 
© 2010 Canadian Society for Exercise Physiology 
s13 
 Tool #16b YMCA CYCLE ERGOMETER TEST   
Data Collection Form 
 
Name: Date:                                                        
Resting HR:                                                                bpm Resting BP:                                     mmHg 
Age:                       yrs                      Gender M or F Body Mass:                                            kg 











1     
2     
3     
First 
Workload 
 4*     
1     
2     
3     
Second 
Workload 
 4*     
1     
2     
3     
Third 
Workload 
 4*     
1     
2     
3     
Fourth 
Workload 
 4*     
1     
2     
3     





5     
*4th minute for each workload only required if HR during  2nd and 3rd minute are not at steady state (within 5 bpm) 
** An active recovery period of 2-5 minutes should immediately follow this test.  Once client has completed the 
active recovery, then proceed to post-test HR and BP measurements.  These can be taken in the seated position. 
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Appendix E 
Assessment Questionnaires 
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Below	  is	  a	  list	  of	  statements	  that	  other	  people	  with	  your	  illness	  have	  said	  are	  
important.	  Please	  circle	  or	  mark	  one	  number	  per	  line	  to	  indicate	  your	  
response	  as	  it	  applies	  to	  the	  past	  7	  days.	  
	  
	  













GP1	   I	  have	  a	  lack	  of	  energy	  ................................................................................	  0	   1	   2	   3	   4	  
GP2	   I	  have	  nausea	  ..................................................................................................	  0	   1	   2	   3	   4	  
GP3	   Because	  of	  my	  physical	  condition,	  I	  have	  trouble	  











GP4	   I	  have	  pain	  ........................................................................................................	  0	   1	   2	   3	   4	  
GP5	   I	  am	  bothered	  by	  side	  effects	  of	  treatment	  ........................................	  0	   1	   2	   3	   4	  
GP6	   I	  feel	  ill	  ...............................................................................................................	  0	   1	   2	   3	   4	  
GP7	   I	  am	  forced	  to	  spend	  time	  in	  bed	  ...........................................................	  0	   1	   2	   3	   4	  
	  













GS1	   I	  feel	  close	  to	  my	  friends	  ............................................................................	  0	   1	   2	   3	   4	  
GS2	   I	  get	  emotional	  support	  from	  my	  family	  .............................................	  0	   1	   2	   3	   4	  
GS3	   I	  get	  support	  from	  my	  friends	  .................................................................	  0	   1	   2	   3	   4	  
GS4	   My	  family	  has	  accepted	  my	  illness	  ........................................................	  0	   1	   2	   3	   4	  












GS6	   I	  feel	  close	  to	  my	  partner	  (or	  the	  person	  who	  is	  my	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Please	  circle	  or	  mark	  one	  number	  per	  line	  to	  indicate	  your	  response	  as	  it	  
applies	  to	  the	  past	  7	  days.	  
	  
	  











GE1	   I	  feel	  sad	  ...........................................................................................................	  	  0	   1	   2	   3	   4	  
GE2	   I	  am	  satisfied	  with	  how	  I	  am	  coping	  with	  my	  illness	  ....................	  	  0	   1	   2	   3	   4	  
GE3	   I	  am	  losing	  hope	  in	  the	  fight	  against	  my	  illness	  ..............................	  	  0	   1	   2	   3	   4	  
GE4	   I	  feel	  nervous	  .................................................................................................	  	  0	   1	   2	   3	   4	  
GE5	   I	  worry	  about	  dying	  ....................................................................................	  	  0	   1	   2	   3	   4	  

















GF1	   I	  am	  able	  to	  work	  (include	  work	  at	  home)	  .......................................	  	  0	   1	   2	   3	   4	  
GF2	   My	  work	  (include	  work	  at	  home)	  is	  fulfilling	  ..................................	  	  0	   1	   2	   3	   4	  
GF3	   I	  am	  able	  to	  enjoy	  life	  .................................................................................	  	  0	   1	   2	   3	   4	  
GF4	   I	  have	  accepted	  my	  illness	  .......................................................................	  	  0	   1	   2	   3	   4	  
GF5	   I	  am	  sleeping	  well	  ........................................................................................	  	  0	   1	   2	   3	   4	  
GF6	   I	  am	  enjoying	  the	  things	  I	  usually	  do	  for	  fun	  ...................................	  	  0	   1	   2	   3	   4	  
GF7	   I	  am	  content	  with	  the	  quality	  of	  my	  life	  right	  now	  ........................	  	  0	   1	   2	   3	   4	  
Q1	   Regardless	  of	  your	  current	  level	  of	  sexual	  activity,	  please	  
answer	  the	  following	  question.	  If	  you	  prefer	  not	  to	  answer	  
it,	  please	  mark	  this	  box	  	  	  	  	  	  	  	  	  	  	  and	  go	  to	  the	  next	  section.	  
	   	   	   	   	  
GS7	   I	  am	  satisfied	  with	  my	  sex	  life	  ................................................................	  	  0	   1	   2	   3	   4	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Weight (lbs or kg) # of Reps Predicted 1-RM 
Flat Bench Press 
   
Inlined Leg Press 
   
Preacher Barbell Curl 
















Example: If your client was performing a predicted 1-RM on the bench press and was able to lift 100lbs 
for 6 reps, their predicted 1-RM would be: (100 lbs/0.85) = 118lbs 
NOTE: Use the number of reps completed from the predictive test and look on the table above to 
determine the %1-RM to use in your calculation. I.e. 6 reps = 85% or 0.85 in the calculation. 
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Appendix G 
Exercise Guidebook 
Completed by Brittany Lee – Kintern student 
	  
Squats	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	   Stand	  with	   feet	   hip	  width	   apart.	   As	   you	   inhale	   sit	   back	   into	   a	   seated	  
position	  until	  your	  knees	  are	  90	  degrees	  while	  maintaining	  a	  straight	  back.	  As	  you	  
return	  to	  starting	  position	  push	  your	  weight	  up	  through	  your	  heels.	  
Primary	  muscles	  used:	  Quadriceps,	  Gluteus	  medius	  and	  maximus	  
	  
Lunges	  
	   	  	  	  	  	  	  	  	  	  	  	  	   	   	  
Technique:	   Begin	   standing	   with	   legs	   slightly	   apart.	   Inhale	   and	   take	   a	   big	   step	  
forwards	  while	  maintaining	   an	   upright	   torso.	   Drop	   your	   back	   knee	   to	   the	   ground	  
until	  both	   legs	  are	  at	  90	  degree	  angles	  while	   still	  maintaining	  an	  upright	   torso.	  As	  
you	  return	  to	  start	  position	  push	  your	  weight	  up	  through	  the	  heel	  of	  the	  foot	  in	  front.	  









	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	   Begin	  with	   the	   left	   foot	   on	   the	   step.	   Push	   up	   through	   the	   left	   heel	   to	  
bring	  your	  right	  foot	  to	  the	  top	  of	  the	  step.	  *Avoid	  bouncing	  off	  of	  the	  right	  foot	  to	  lift	  
yourself	  up;	  the	  effort	  should	  be	  in	  the	  left	  leg	  quadricep	  muscles*.	  Tap	  the	  right	  foot	  
and	  return	  to	  starting	  position.	  Repeat	  on	  the	  right	  leg.	  
Primary	  muscles	  used:	  Quadriceps,	  Hamstrings,	  Gluteus	  maximus	  	  
	  
Dumbbell	  Chest	  Press	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Ensure	  your	  shoulders	  and	  hips	  are	  supported	  on	  a	  bench.	   If	  using	  an	  
exercise	  ball,	  ensure	  the	  shoulders	  are	  supported	  on	  the	  ball	  and	  the	  hips	  are	  held	  
high,	   parallel	   to	   the	   ground.	   In	   starting	   position,	   palms	   are	   facing	   forwards	   and	  
elbows	  at	  90	  degree	  angle.	  As	  you	  exhale,	  push	  the	  dumbbells	  straight	  up	  over	  the	  
chest.	  Inhale	  as	  you	  return	  to	  start	  position.	  
Primary	  muscles	  used:	  Pectoralis	  major,	  Anterior	  Deltoid,	  Triceps	  
Dumbbell	  Chest	  Fly	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Technique:	   Begin	   in	   starting	   position	   with	   palms	   facing	   towards	   each	   other	   and	  
arms	   extended	   straight	   up	   above	   the	   chest.	   As	   you	   inhale	   open	   the	   arms	   to	  
horizontal	  above	  the	  floor.	  Exhale	  as	  you	  bring	  your	  arms	  together	  back	  to	  starting	  
position.	  
Primary	  muscles	  used:	  Pectoralis	  major	  
	  
Lying	  Dumbbell	  Tricep	  Extensions	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	   Ensure	   shoulders	   and	   hips	   are	   supported	   on	   a	   flat	   bench.	   Begin	  with	  
arms	   vertical	   above	   the	   chest	   while	   holding	   a	   single	   dumbbell	   with	   both	   hands,	  
palms	  facing	  the	  ceiling.	  Inhale	  as	  you	  lower	  your	  forearms	  towards	  your	  forehead.	  
Exhale	  as	  you	  extend	  your	  arm	  back	  to	  starting	  position.	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Overhead	  Dumbbell	  Tricep	  Extension	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  a	  slight	  bend	  in	  the	  knees.	  In	  starting	  position	  hold	  a	  
dumbbell	  with	  the	  arm	  extended	  vertically.	  Using	  your	  other	  arm	  to	  guide	  the	  
movement,	  inhale	  as	  you	  lower	  the	  arm	  holding	  the	  dumbbell	  behind	  the	  head.	  
Exhale	  as	  you	  extend	  your	  arm	  to	  return	  to	  starting	  position.	  




	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart	  and	  knees	  slightly	  bent.	  Bend	  forwards	  
at	  the	  hips	  while	  maintaining	  a	  straight	  torso,	  hold	  your	  upper	  arms	  in	  line	  with	  the	  
angle	  of	  your	  back	  and	  elbows	  flexed.	  Holding	  a	  dumbbell	  in	  each	  hand	  with	  your	  
palms	  facing	  towards	  each	  other,	  extend	  your	  arms	  behind	  you	  in	  a	  “kickback”	  
motion.	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Bicep	  Curls	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  slightly	  apart	  and	  a	  slight	  bend	  in	  the	  knees.	  Holding	  a	  
dumbbell	  in	  each	  hand	  with	  palms	  facing	  forwards,	  inhale	  and	  flex	  your	  arms	  and	  lift	  
your	   forearms	  up	   towards	  your	  shoulders.	  Exhale	  as	  you	   lower	  your	  arms	  back	   to	  
starting	  position.	  




	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  slightly	  apart	  and	  a	  slight	  bend	  in	  the	  knees.	  Holding	  a	  
dumbbell	  in	  each	  hand	  with	  palms	  facing	  inwards	  towards	  the	  body,	  inhale	  and	  flex	  
your	  arms	  to	   lift	  your	   forearms	  towards	  your	  shoulders.	  Exhale	  as	  you	   lower	  your	  
arms	  back	  to	  starting	  position.	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Bent-­‐Over	  Dumbbell	  Row	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart,	  knees	  bent,	  and	  torso	  bent	  forwards	  at	  
the	   hips	  while	  maintaining	   a	   straight	   back.	   Hang	   your	   arms	   by	   your	   sides	  with	   a	  
dumbbell	  in	  each	  hand	  with	  palms	  facing	  your	  body.	  Inhale	  and	  contract	  your	  core,	  
while	  pulling	  the	  dumbbells	  into	  your	  abdomen	  keep	  your	  elbows	  tucked	  into	  your	  
body	  and	   focus	  on	   squeezing	  your	   shoulder	  blades	   together.	  Exhale	  as	  your	   lower	  
your	  arms	  back	  to	  starting	  position.	  
Primary	   muscles	   used:	   Posterior	   Deltoid,	   Trapezius,	   Infraspinatus,	   Rhomboid,	  
Teres	  minor,	  Teres	  Major,	  Latissimus	  Dorsi,	  Erector	  Spinae	  
	  
Back	  Row	  with	  Therabands	  
	  
	  	  	  	  	  	  	   	  
Technique:	  Using	  an	  exercise	  ball,	  sit	  with	  feet	  flat	  on	  the	  floor,	  hip	  width	  apart,	  and	  
maintain	   an	   upright	   torso.	   Begin	  with	   arms	   extended	   in	   front	   of	   the	   body,	   hands	  
holding	   the	   therabands	   with	   palms	   facing	   inward	   towards	   each	   other.	   Inhale,	  
contract	  the	  core,	  and	  pull	  your	  elbows	  back	  as	  far	  as	  you	  can,	  focusing	  on	  squeezing	  
your	   shoulder	   blades	   together.	   As	   you	   exhale,	   extend	   your	   arms	   back	   to	   starting	  
position	  in	  a	  controlled	  manner.	  
Primary	   muscles	   used:	   Posterior	   deltoid,	   Trapezius,	   Rhomboid,	   Teres	   major,	  
Latissimus	  dorsi,	  Erector	  Spinae	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Chest	  Press	  with	  Therabands	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart,	  knees	  slightly	  bent,	  with	  elbows	  held	  
horizontal	  in	  line	  with	  the	  shoulders	  above	  the	  ground.	  Your	  palms	  should	  be	  facing	  
the	  ground	  as	  you	  hold	  the	  therabands.	  As	  you	  exhale	  extend	  your	  arms	  straight	  out	  
in	  front	  of	  your	  body.	  Inhale	  and	  return	  to	  starting	  position	  in	  a	  controlled	  manner.	  




	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Using	  an	  exercise	  ball,	  sit	  with	  feet	  flat	  on	  the	  floor,	  hip	  width	  apart,	  and	  
torso	  in	  an	  upright	  position.	  Inhale	  and	  pull	  the	  bar	  down	  towards	  your	  chest	  while	  
pulling	   the	   elbows	  back.	   Exhale	   as	   your	   return	   to	   starting	  position	   in	   a	   controlled	  
manner.	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Tricep	  Extension	  with	  Therabands	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart	  and	  knees	  slightly	  bent.	  Begin	  holding	  
the	  bar	  with	  your	  palms	  facing	  the	  ground	  and	  elbows	  bent	  to	  90	  degrees.	  Exhale	  as	  	  
you	  extend	  your	  arms	  towards	  the	  ground.	  Inhale	  as	  you	  return	  your	  arms	  to	  
starting	  position.	  *Remember	  that	  your	  upper	  arms	  do	  not	  move	  throughout	  the	  
exercise*.	  
Primary	  muscles	  used:	  Triceps	  brachii,	  Aconeus	  
	  
Dumbbell	  Shoulder	  Press	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	   Stand	   with	   feet	   hip	   width	   apart	   and	   knees	   slightly	   bent.	   Hold	   a	  
dumbbell	   in	   each	   hand	   with	   palms	   facing	   forwards	   and	   arms	   held	   at	   90	   degree	  
angles.	  Exhale	  and	  push	  the	  dumbbells	  straight	  up	  above	  your	  head.	  Inhale	  as	  your	  
lower	  your	  arms	  back	  to	  starting	  position.	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Front	  Shoulder	  Dumbbell	  Raises	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart,	  knees	  slightly	  bent,	  with	  arms	  at	  your	  
sides.	  Hold	  a	  dumbbell	   in	   each	  hand	  with	  palms	   facing	   the	  ground.	  As	  you	  exhale,	  
raise	  arms	  straight	  out	  in	  front	  of	  your	  body.	  Inhale	  as	  you	  lower	  your	  arms	  back	  to	  
starting	  position.	  
Primary	  muscles	  used:	  Pectoralis	  major,	  Deltoids	  (Anterior,	  middle)	  
	  
Lateral	  Dumbbell	  Raises	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	   feet	  hip	  width	  apart,	  knees	  slightly	  bent,	  and	  arms	  at	  your	  
sides.	  Hold	  a	  dumbbell	   in	  each	  hand	  with	  your	  palms	  facing	  your	  body.	  Exhale	  and	  
raise	  your	  arms	  until	   they	  are	  horizontal.	  *Do	  not	  raise	  your	  arms	  any	  higher	  than	  
shoulder	  level*.	  Inhale	  as	  you	  lower	  your	  arms	  back	  to	  starting	  position.	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Squats	  with	  a	  Shoulder	  Press	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Stand	  with	  feet	  hip	  width	  apart.	  Holding	  a	  dumbbell	   in	  each	  hand	  with	  palms	  
facing	   forwards,	   arms	   should	   be	   held	   at	   a	   90	   degree	   angle.	   As	   you	   inhale	   sit	   back	   into	   a	  
seated	  position	  until	  your	  knees	  are	  90	  degrees	  while	  maintaining	  a	  straight	  back.	  Exhale	  as	  
you	   and	   push	   your	   weight	   up	   through	   your	   heels	   while	   simultaneously	   extending	   the	  
dumbbells	  directly	  above	  your	  head.	  	  
	  
Primary	  muscles	  used:	  Quadriceps,	  Gluteus	  maximus,	  Gluteus	  medius,	  Triceps	  brachii,	  
Deltoid	  (Anterior,	  Middle,	  Posterior)	  
	  
Lunges	  with	  a	  Bicep	  curl	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Begin	   standing	  with	   legs	   slightly	  apart	  with	  a	  dumbbell	   in	  each	  hand	  and	  
palms	  facing	  forwards.	  Inhale	  and	  take	  a	  big	  step	  forwards	  while	  maintaining	  an	  upright	  
torso.	  Drop	  your	  back	  knee	  to	  the	  ground	  until	  both	  legs	  are	  at	  90	  degree	  angles,	  while	  
simultaneously	   flexing	   your	   arms	   towards	   your	   shoulders.	   As	   you	   return	   to	   start	  
position	  push	  your	  weight	  up	  through	  the	  heel	  of	  the	  foot	  in	  front	  while	  lowering	  your	  
arms.	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Primary	   muscles	   used:	   Quadriceps,	   Hamstrings,	   Gluteus	   maximus,	   Biceps	   Brachii,	  




	  	  	  	  	  	  	   	  
Technique:	   Begin	   lying	   on	   your	   stomach	   and	   rise	   up	   on	   your	   toes	   using	   your	  
forearms	  to	  support	  you.	  Your	  body	  should	  be	  one	  line	  from	  your	  shoulders	  to	  your	  
feet.	  Be	  sure	  that	  your	  hips	  are	  not	  too	  high.	  Hold	  for	  as	  long	  as	  possible.	  




	  	  	  	  	  	  	   	  
Technique:	   Lay	   on	   one	   side	   using	   your	   forearm	   for	   support	   directly	   under	   your	  
shoulder.	  Place	  on	  foot	  in	  front	  of	  the	  other	  and	  lift	  your	  hips	  off	  the	  ground	  so	  that	  
your	  body	  is	  a	  line	  from	  your	  shoulders	  to	  feet.	  Hold	  for	  as	  long	  as	  possible.	  
Primary	   muscles	   used:	   transverse	   abdominus,	   gluteus	   medius,	   gluteus	  














Up	  and	  Down	  Planks	  
	  
	  	  	  	  	  	  	   	  
	  	  	  	  	  	  	   	  
	  
Technique:	  Start	  in	  a	  plank	  position	  in	  which	  your	  weight	  is	  supported	  by	  your	  toes	  
and	  forearms.	  Transition	  your	  weight	  to	  your	  left	  forearm	  and	  place	  your	  right	  hand	  
on	  the	  mat.	  Continue	  to	  transition	  your	  weight	  to	  your	  right	  hand	  and	  place	  your	  left	  
hand	  on	  the	  mat.	  Return	  to	  starting	  position	  by	  returning	  your	  weight	  to	  your	  right	  
forearm,	  followed	  by	  your	  left.	  
Primary	   muscles	   used:	   Pectoralis	   major	   and	   minor,	   Triceps	   brachii,	   Deltoids	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Technique:	  Begin	  by	  lying	  on	  your	  stomach	  with	  your	  arms	  straight	  out	  in	  front	  and	  
legs	   straight	   out	   behind	   you.	  When	   ready	   lift	   both	   your	   legs	   and	   arms	   as	   high	   as	  
possible	  to	   lift	  your	  chest	  and	   legs	  off	   the	  ground.	  Hold	  this	  position	  for	  as	   long	  as	  
possible.	  	  
Primary	  muscles	  used:	  Erector	  spinae,	  Quadratus	  lumborum,	  Multifidi,	  Transverse	  




	  	  	  	  	  	  	   	  
Technique:	  Lie	  on	  your	  back	  with	  hands	  touching	  the	  side	  of	  your	  head,	  knees	  bent	  
with	  feet	  flat	  on	  floor.	  Inhale	  and	  raise	  shoulders	  towards	  the	  knees	  until	  they	  are	  off	  
the	  ground	  while	  contracting	  the	  core	  musculature.	  Exhale	  as	  you	  return	  to	  starting	  
position.	  




	  	  	  	  	  	  	   	  
Technique:	  Lie	  on	  your	  back	  with	  knees	  bent,	  feet	  flat	  on	  floor	  and	  hands	  on	  top	  of	  
one	  another	  straight	  out	  in	  front	  of	  you.	  Inhale	  and	  as	  you	  raise	  your	  shoulders	  up	  
off	  the	  group	  reach	  with	  your	  hands	  between	  your	  knees	  while	  contracting	  the	  core	  
musculature.	  Exhale	  as	  you	  return	  to	  start	  position.	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Crunches	  with	  an	  Exercise	  Ball	  
	  
	  	  	  	  	  	  	  	  	  	  	  	   	  
Technique:	  Begin	  sitting	  upright	  with	  hands	  touching	  the	  sides	  of	  your	  head,	  knees	  
bent	  at	  a	  90	  degree	  angle	  and	  feet	  flat	  on	  the	  floor.	  Exhale,	  lean	  back	  on	  the	  exercise	  
ball	  and	  contract	  your	  core	  musculature	  to	  return	  to	  starting	  position.	  
Primary	   muscles	   used:	   Rectus	   abdominus,	   Transverse	   abdominus	   External	  





	  	  	  	  	  	  	   	  
Technique:	  Lying	  on	  your	  back,	   flex	  your	  knees	  to	  90	  degrees,	  with	  hands	  at	  your	  
sides.	  Extend	  your	  legs	  out	  in	  front	  of	  you	  and	  contract	  core	  musculature	  to	  return	  to	  
starting	  position.	  
Primary	   muscles	   used:	   Rectus	   abdominus,	   Transverse	   abdominus,	   External	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Mountain	  Climbers	  
	  
	  	  	  	  	  	  	   	  
Technique:	   Place	   hands	   on	   floor,	   slightly	  wider	   than	   shoulder	  width.	  On	   forefeet,	  
position	  one	  leg	  forward	  bent	  under	  body	  and	  extend	  other	  leg	  back.	  While	  holding	  
upper	  body	   in	  place,	  alternate	   leg	  positions	  by	  pushing	  hips	  up	  while	   immediately	  
extending	   forward	   leg	   back	   and	   pulling	   rear	   leg	   forward	   under	   body,	   landing	   on	  
both	  forefeet	  simultaneously	  
Primary	   muscles	   used:	   Rectus	   abdominus,	   Transverse	   abdominus,	   Gluteus	  






















































Comments made by participants at the three-month follow-up assessment and 
during some exercise sessions 
 
“Noticing more energy” 
“less tired, Stairs, bending down, lifting easier” 
“more strength in arms” 
“good to be in a small group with others going through the same thing” 
“Really enjoyed program” 
“thought it was very worth while” 
“Thought it was great” 
“It was fun” 
“Would like to continue” 
“Program was great “ 
“improved balance” 
“Worked specific core” 
“Found exercise challenging” 
“Would have preferred to have had a program that was supervised over last three 
months” 
“Good Program” 
“Feel made an improvement “ 
“feels stronger” 
“Able to run with front of group with last clinic, normally runs at back of group” 
“Ok” 
“Exercises great” 
“Feeling energized as workout” 
“Feeling good” 
“Feeling good” 
“wants to be more active. “ 
“feel like I'm stronger” 
“Arms are much stronger” 
“endurance increased” 
“Raking leaves - felt able to do more and work faster” 
“Finding balance is increased” 
“notice a difference in arms”  
“Stronger!”  
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Appendix J 
Research Ethics Board Approval Letter 
 
